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1*ART 1-1)ESI(JN AND CONSTRUCTION 



SECTION 1 


ELEMENTS OF STRUCTURAL THEORY 


DEFINITIONS 

L Structure.—A structure is a part, or an assemblage of parts, constructed to support 
certain definite loads. Structures are acted upon by external forces and these external forces 
are held in equilibrium by internal forces, called stresses. 

2. Member.— A member or piece of a structure is a single unit of the structure, as a beam, 
a column, or a web member of a truss. 

3. Beam.— A beam is a structural member which is ordinarily subject to bending and is 
usually a horizontal member carrying vertical loads. In a framed floor, beams are members 
upon which rest directly the floor plank, slab, or arch. 

A simple beam is one which rests on supports at the ends. A cantilever beam is a beam hav¬ 
ing one end rigidly fixed and the other end free. Extending a simple beam beyond either sup¬ 
port gives a combination of a simple beam and a cantilever beam. A beam with both ends free 
and balanced over a support is also called a cantilever beam. A restrained beam is one which is 
more or leas fixed at one or both points of support. A hudl-in or fixed beam is a beam rigidly 
fixed at both ends. A conJlinuous beam is one having more than two points of support. 

4. Girder.— X girder is a beam which receives its load m concentrations. In a framed 
floor it supports one or more cross beams which in turn carry the flooring. The term 
“girder” is also applied to any large heavy beam, especially a built-up steel beam or plate 
girder. In Bethlehem steel sections the terms *'beam” and “girder” are used to denote 
rolled sections of different proportions (see Sect. 2, Art. 26). 

6. Colunm.—A column^ strut or post is a structural member which is compressed endwise. 
A strut is usually considered of smaller dimensions than either a column or post. 

6. Tie.—A tie is a structural member which tends to lengthen under stress. 

7. Truss.—^A truss is a framed or jointed structure. It is composed of straight members 
which are connected only at their intersections, so that if the loads are applied at these inter¬ 
sections the stress in each member is in the direction of its length. Each member of a truss 
is either a or a strut. 

The span of a roof truss is the horizontal distance in feet between the centers of supports. 
The rise is the distance from the highest point of the truss to the line joining the points of sup- 
port. The pitch is the ratio of the rise of the truss to its span. The upper or tap chord con¬ 
sists of the upper line of members. The lower chord consists of the lower line of members. 
The web members connect the joints of the upper chord with those of the lower chord. 

3. F<Mrce.— Force is that which tends to change the state of motion of a body, or it is that 
which causes a body to change its shape if it is held in place by other forces. 

2. Outer Forces.—The external or outer forces acting upon a structure consist of the ap¬ 
plied loads and the supporting forces, called reactions. 

10. Inner Forces. —The internal or inner forces in a structure are the stresses in the different 
members which are brought into action by the outer forces and hold the outer forces 
in equilibrium. 

11. Dead Load.— Dead load is the weight of a structure itself plus any permanent loads. 
In dee^ the weight of the structure must be assumed; and the design corrected later if the 
aasumed weight is very much in error. Brick and concrete construction have the largest dead 
Ipad^ireiative to the total load. 
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12. Live Load.—*Lw;c load is any moving or variable load which may come upon the 
structure—as, for example, the weight of people or merchandise on a floor, or the weiglit of 
snow and the pressure oil wind on a roof. The total load or dead load plus live load muet be 
used in design. In addition the dynamic effect or impact of the live load must often 
be considered. 

IS. Statically Determinate Structures.—A structure is statically determinate when both 
outer and inner forces may be determined by the aid of statics. If all the outer forces may be 
found by statics, the structure is said to be statically determinate wUh respect to the outer farces 
whether or not it is possible to determine the inner forces by the same means (see definition of 
‘‘Statics,” Art. 30). 

Wooden beams, pin-connected trusses, and steel beams resting on horizontal supports 
are ordinarily statically determinate. Small riveted trusses and steel beams in a framed floor 
are commonly assumed in design as statically determinate. 

14. Statically Indeterminate Structures.—Structures which cannot be statically deter¬ 
mined are those which the equations of statics will not suffice to design. All rigidly connected 
building frames are statically indeterminate. 

STRESS AND DEFORMATION 

By Waltejl W. Clifford 

15. Stress.— Stress is the cohesive force in a body which resists the tendency of an external 
force to change the shape of the body. For example, if a steel rod supports a load or force of 
30,000 lb., it has in it a stress of 30,000 lb. This is called the total stress. 

If a force tends to stretch a member, the resulting stress is called tension or tensile stress. 
If a force tends to shorten a member, the resulting stress is called compression or compressive 
stress. 

If the above-mentioned rod has a cross-sectional area perpendicular to its axis of 2 sq. in., 
and the load is uniformly distributed, it has a unit stress or intensity of stress of 15,000 lb. persq. 
in.—that is, the unit stress is the total uniformly distributed stress divided by the crossHsee- 

tionaUrea,or/ = 5. 

If the load on a member is increased until the member fails, the highest unit stress sustained 
is called the ultimate stress. Some materials, notably steel, after being stressed to the ultimate, 
sustain a gradually lessening load until failure. The unit load at failure is called the rupture 
stress (see Fig. 1). 

16. Deformation.—Whenever any material is subjected to the action of a force, it changes 
shape. This change in shape is called deformation or strain. The former term will be used 
in this book. The deformation per unit of length is called the unit deformation. 

Ail structural materials, within the limits of working stresses, follow very closely Hookers 
Law which is that deformation is proportional to stress. Thus, if a force of 1000 lb. stretches 
a rod 1 in., a force of 2000 lb. will stretch the same rod 2 in. 

17. Modulus of Elasticity.—The ratio between stress and deformation is commonly called 
the modulus of ektsiicUy, which term will be used in this book. Coefficient of elaslicUy and 
Yowng^s modulus are synonymous with modulus of elasticity. The value of the modulus of 

elasticity varies with different materials, but in any case E « ~, where/ is the unit stress and 

5 is the deformation per unit of length. The same linear unit must be used in computing the 
unit stress as for measuring the deformation. This unit is commonly the inch, except where the 
metric system is used. It may be noted from the curves (Figs. 1-4) that the modulus of elastic¬ 
ity is the tengent of the angle which the stress-deformation curve makes with the horizontal 
axis. 

16. Elastic Limit and Yield Point —^The elastic limit is the stress at which the ratio d stress 
to deformation ceases to be constant. Yield point is the stress at which deformation increases 
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witliout additional load. These terms are best illustrated in the curve for steel (Fif?. 1). They 
are not clearly defined in the curves of other materials. 

19. Stress and Deformation Curves. —The typical curves shown (Figs. I-4) indicate 
graphically the i elation between stress and deformation for four common building materials. 



part. This is an important stress to consider in beam design and occurs in other members. 
Toraion is twisting stress. It is seldom of importance in structural design although it may 
occur in such members as spandrel beams with rigidly connected slabs. 

21. Axial and Combined Stresses. —When a force acts parallel to the axis of a member and 
at the center of gravity of its cross-section, it produces what is called axial strean Such strt*s8 



is uniformly distributed over the cross-section. A force parallel to the axis of a member but not 
acting along this axis is called an centric force. It is equivalent to an axial force of like amount 
and a couple whose moment is equal to the product of the force by the normal distance from the 
orfe to the axis of the member. Thus an eccentric force as described above produces cotnhined 
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stresses. The axial stresses may be considered separately from those due to moment, and the 
resulting stresses added to obtain the total stress at any point. For cases of combined stresses 
which are not parallel, as horizontal and vertical shear, or shear and direct stress, the combined 
stress must be figured by methods given in the chapter on ^‘Simple and Cantilever Beams.’’ 

22. Bending Stress and Modulus of Rupture .—Bending stresses are stresses induced by 
loads per|>endicular to the member. Modulus of rupture is the maximum bending stress 
computed on the assumption that clastic conditions exist until failure. Bending stress is dis¬ 
cussed in the chapter on "‘Himple and Cantilever Beams. 

23. Stiffness .—Stiffness is a term used with reference to the rigidity of structural members. 
In columns or struts it refers to their lateral stability; t.c., by a stiff column is meant one with a 
small nit'*o of length to lea^il radius of gyration, as compared to a slender column. In the case 
of beams, stiffness refers to lack of deflection rather than to strength. 

24. Factor of Safety and Working Stress.—The stress used in design is called the working 
or allotvable stress. It is obtained by dividing the ultimate stress by the factor of safety. 

The working stresses usually employed apply to static loads only. Proper allowance for 
Ihe dynamic effect of the live load should be taken into account by adding the desired amount 
to the live load to produce an equivalent static load before applying the unit stresses in pro¬ 
portioning parts. An allowance for impact will be necessary only in special cases, as in the case 
of fltiors sujiporting heavy machinery. The amount to add to the live load because of impact 
will vary from 25 to 100% depending upon the proportion of the specified live load which may 
be subject to motion. 

The factor of safety is dependent upon manj’ things. Among the most important are: the 
leliabilify of the material, type of failure, kind of loading, and consequences of failure. 

24«. Reliability of the Material.—There is always the possibility of the indivi- 
ihial piece of the material falling below the average strength of test pieces. Steel, manufac¬ 
tured under almost laboratory conditions, is the most reliable of materials. In common practice 
it is used with a factor of safety of about 4. Timber, on the other hand, varies greatly 
in strength and there Is difn<*ulty in inspecting and testing it thoroughly. It has therefore been 
considered as somewhat unreliable and, for this and other reasons, safety factors as high as 10 
have commonly been used. At the pre.sent time, recent tests of the TJ. S. Forest 8er\dce and 
other laboratories, together with the branding of timbers by some lumber associations to insure 
ils quality, have greatly reduced the need of a high factor of safety on timber. Cast iron is 
commonly used with a factor of safety as high as 10, partly on account of uncertainties in its 
manufacture and partly on account of its method of failure. Concrete is used in the best 
practice with safety factors varying from about 3 for bending to about 5 for diagonal tension. 
The factor of safety of concrete, however, is complicated by another factor; namely, the in¬ 
crease in the strength of the material wnth age. Working stresses are based upon ultimate 
strongtlIS of .'lO-day old concrete. At the end of a year the strength of concrete is about 50% 
more than that at 30 days. 

Possible deterioration of materials, such as reduction of section in exposed steel work, 
due to rust, must be considered in connection with reliability. 

245. Type of Failure.—Materials which fail gradually and with plenty of warning 
like steel are obviously entitled to a lower factor of safety than brittle materials like cast iron. 
I.umber is about midway in this range. Concrete, well reinforced, can be classed with steel in 
method of failure, while plain concrete is distinctly in a class with cast ir<^. 

24c. Kind of Loading.—A large proj)ortion of dead load, or of live load fixed in 
amount and point of application, will require a smaller safety factor than loads largely live 
and uncertain. Also the possibility of the maximum combination of loads occurring, and the 
probable duration and frequency of this combination must be considered. A common illustra¬ 
tion of this point is the allowance of a higher fiber stress (thus lower factor of safety) in build¬ 
ings, fot stresses due to a combination of maximum live and wind loads. 

24<f. Consequences of Faflure.—Where loss of life would be the result of failure, 
the factor of safety must be 8\ich as to make work safe beyond reasonable doubt, but wliere the 
loss due to failure would be material only, it is a question of balancing amount of loss in case of 
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faijure and probability of failure, against the saving by using a higher fiber stress. Thus tem¬ 
porary constiuction will have a smaller factor of safety than permanent construction, and cop- 
crete forms a lower factor than floor beams. 

25. Working Load or Safe Load.—The product obtained by multiplying the cross-sec¬ 
tional area of a column or tie by the working or allowable unit stress is called the working load 
or sa/e load of a member. For a beam, the safe load is that load which will stress the most- 
stressed fibers to the allowable unit stress. 

26. Ratio of Moduli of Elasticity in Combination Members.—When two materials, rigidly 
joined, are used in a structural member, it is obvious that their deformations must be equal. 

By definition, E = ^or/ « Es. Therefore, the deformations being equal, the stresses must be 

proportional to the relative moduli of elasticity. The once-common Flitch girder, composed 
of wood and steel, is an illustration of the use of two materials in the same member. A concrete 
member reinforced with steel is a more common illustration. It is plain that in a reinforced- 
eoncrete column the vertical steel rods and the concrete shaft are compressed an equal amount. 
Let this unit deformation be denoted by 5. The concrete stress then is fc = SEe, and the steel 
f SE EWE 

stress/, = 5E*. Thus y *= ~ = and/, - fc^- The ratio is called n. The modulus 

Je vtue 

of elasticity of steel is fairly constant at 30,000,000 lb. per sq. in. while E for concrete varies 
from 750,000 to 3,000,000 lb. per sq. in., giving values of n from 40 to 10. The most used 
values are n = 15 for 1:2: 4 concrete, and n = 12 for 1: : 3 concrete. 

27. Bond Stress.—The combined action of steel and concrete is dependent upon the grip 
of concrete upon steel, called bond. Denoting the allowable bond stress per square inch by m, 
the load which a rod can take from the concrete per lineal inch is uvd for a round rod, and 4ud 

ird^ 

for a square rod. The allowable stress in the rod is/, for round rods and/gd^ for square rods. 

The length of embedment of a straight rod necessary to develop its allowable strength is there- 

fore*^ (in inches) for both round and square rods. For given stresses the necessary length of 

embedment is easily computed. For example, let/, *= 10,000 lb. per sq. in. and u - 80, then 
10 OOOd 

^ ~ - »; r —31-1- diameters. Bond stress in reinforced concrete beams is considered in the 

4 X oU 

chapter on “Simple and Cantilever Beams. “ 

28. Shrinkage and Temperature Stresses.—Shrinkage is a function of materials which are 
poured in a semi-liquid state and then harden by cooling or by chemical action. Such materials 
are cast iron and concrete. A cast-iron member should be designed so that in cooling it will 
not shrink unequally and cause stresses which may crack it. For this reason adjacent parts 
should be made of nearly equal thickness, and filets should be used at all angles and corners. 

Concrete shrinks when setting in air and expands when setting under water If the ends 
of a concrete structure be rigidly fixed, stress will be developed equal to that required to change 
the length by the amount of the deformation which would occur if the ends were free, or/ « SE. 

All bodies change in length with changes in temperature, expanding with heat and contract¬ 
ing with cold. The coefficient of expansion is the change in length, per unit of length, per 
degree change in temperature. The total change in length of a body for a given change of tem¬ 
perature may be found by multiplying this coefiicient by the length and the change of tempera¬ 
ture in degrees. The fact that the coefiicient of expansion is practically alike for both steel 
and concrete is an important factor in their combined use. As in the case of shrinkage stresses, 
a tendency to change of length in a member fixed at the ends induces stress equal to that which 
would cause the computed change in length; that is/ « bE. This may be an important factor 
to consider in almost any form of steel or concrete construction. In wood construction there is 
usually suffieimt play at columns to take up any expansion. 

29. Poisson’s Ratio. —^Whenever bodies elongate under stress, they shrink laterally; and 
oomrersely when they are compressed, under a load, they expand at right angles to the direction 
4)1 the lo^. The ratio of deformation normal to stress, to deformation parallel to stress is 
calM Poissoa’s rclio. This is commonly taken as about for metals and H for concrete. 
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80* Statics.— Definition,—Statics is the science which treats of forces in equilibrium. 

81. Elements of a Force.—A force acting upon a body is completely known when its 
general direction^ point of application and magnitude are given. 

A straight line with arrowhead may be used in representing these elements, as shown in 
Fig. 5. The angle that the line makes with the vertical and the arrowhead determine the 
general direction of the force exerted upon the body B The general direction and the point of 
application completely determine the line of action. 

The external effect of a force upon a rigid body is the same, no matter at what point of the 
body along the line of action the force is applied. 

Forces are given in pounds and the length of lines are measured in inches. If the scale 
of force be 5000 lb. to the inch, a line 0.20 in. long would represent a force of 1000 lb.; that is, 
6000 X 0.20 = 1000. A line 1.35 in. long would represent a force of 7750 lb.; or, vice versa, 


7750 


7750 lb. would be represented by a line 


Fbint of 

AppUoorHon 



Fia. 5. 


1.55 in. long. 

An engineer's scale should be used in laying off the lengths of 
lines to represent the magnitude of forces, or in scaling such lines. 

For example, assuming the scale of force to be 4000 lb. to the inch 
and using the scale divided into 40ths, a force of 1750 lb. would be 
represented by a line 17divisions in length. If the scale of 
force is assumed to be 400 lb. to the inch, the same force would be 
l epresented by 175 divisions. 

82. Concentrated Force.—A concentrated force is one whose place of application is so small 
that it may be considered to be a point. 

83. Distributed Force.—A distributed force is one whose place of application is an area. 
A distributed force may often be considered as a concentrated force acting at the center of the 
contact area. 

84. Concurrent and Non-epneurrent Forces.—Forces are said to be concurrent when their 
lines of action meet in a point; non-concurrent when their lines of action do not meet in this 
manner. 

86. Coplanar and Non-coplanar Forces.—Forces may lie in the same plane or in di^Ferent 
planes; that is, they may be either coplanar or non-coplanar forces. 

86. Equilibrium of Forces.—When a number of forces act upon a body and the body does 
not move, or if moving does not change its state of motion, then the forces considered are said 
to be in equilibrium. Any one of the forces balances ali the other forces and it is called the 
equiUbranJt of those other forces. 

87. Resultant of Forces.—A single force which would produce the same effect as a number 
of forces is called the resultant of those forces. The process of finding the single force is called 
composition. 


It is evident from the above that the equilibrant and resultant of a number of forces are 
equal in magnitude, act along the same line, but are opposite in direction. 

88. Components of a Force.—Any number of forces whose combined effect is the same as 
that of a single force are called components of that force. The process of finding the components 
is called resolution, 

89. Moment of a Force.—The moment of a force with respect to a point is the measure 
of the tendency of the force to produce rotation about that point. It is equal to the magnitude 
of the force multiplied by the perpendicular distance of its line of action from the given point. 
The point about which the moment is taken is called the origin (or center) of momentSy and 
the perpendicular distance from the origin to the line of action is called the lever arm (or arm) of 
the force. When a force tends to cause rotation in the direction of the hands of a clock, the 
mmuent is usually considered positivey and in the opposite direction, negatiife. 

to. couple consists two equal and parallel forces, oppemte in direothmf and 
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having different lines of action. Tin* porpondicular distance between the lines of action of the 
two forces is called the arm of the couple. The niottient of a couple about any point in the plane 
of tlie couple is equal to the algebraic sum of the moments of the two forces, <*omposing the 
couple, about that i>oint. (Algebraic sum of the moments means the sum of the moments of 
the forces, considering positive moments plm and negative moments minus.) 

In Fig. 6 assume Fi equal and parallel to Fa, and consider these forces to act upon the 
botlv shown. Fi and F 2 will cause rotation of the body and this rotation wdll occur about any 
point in the same plane as the couple, provided the body is pivoted at 
that point. Consider the body to be pivoted at O in the sam<* plane 
with the foices. The moment of I'\ about the joint O is F\(r + r'), 
and the moment of F> about the same joint is F>r'. The moment of F^ 
IS jositive and the moment ol Fi is negative. Then the moment of 
the couple is equal to F^r' -* Fi(r -f- / ') = —Fi?. The moment of a 
couple is thus equal to one of the forces multii)li(*d by the j)erj)endicular 
distance between the lines of action of the forces. Sinc(* O is an> joint 
in the plane of the coui)le, it is c\ident that the moment of the coujile 
is independent of the origin of momenta: that is, a coujde may be transfeired to any plac(* in 
its plane or rotated through any angle and its effect will remain the same. It follows also 
that any couple may be rej)laced by another of the same momcMit in th(' same plane. 

41. Space and Force Diagrams.—In solving i)roblems in statics graj^hically, it is convenient, 
in all except the most simple problems, to draw tw'o sejiarato figures, one showing the lines of 
action and the other the magnitudes and direetionv of the forces. The former is called the space 
tliagram^ and the latter the force diagram. 

Notation used in the graphical solution of all problems m this chaj)ter is c\j)lained m Art. 
4 2d, p, 9. 

42. Composition, Resolution and Equilibrium of Concurrent Forces. 

42a. Composition of Two Concurrent Forces.—In Fig. 7 let forces Fi and F^ 
which are concurrent forces acting at the fK»int O, be repre¬ 
sented in magnitude and direction by OA and OR resjwtively. 

From if draw BC patallel to OA, and from A draw AC j)arallel 
to OB. Join the point of intersection C with O. The line OC 
represents the magnitude of a single force B which would pro¬ 
duce the same effect as the forces Fi and F>. Thus R is the 
resultant of Fi and Fg. A force equal and opj)osite in direc¬ 
tion to R and with the same line of action would be the equi- 
hbrant of F\ and Fa, since it w'ould hold them in equilibrium. Fi and F 2 are comiionents of R. 

It is not necessary to construct the entire parallelogram since cither triangle OAC or OBC 
wdll suffice. Either of these triangles is called a force tiianglc and either one, if constructed, 
is sufficient to give the value of the resultant and the equihbrant of forces Fi and F 2 . 

It is convenient to solve the force triangle 
algebraically where the angle between the lines 
of action of tw'-o forces is 90 deg. In Fig. 8 the 
angle between the lines of action of Fi and F/ 
is 90 deg. It is required to find the value of 
the resultant R. Since ABC is a right triangle 

15* « Ic* + Sc® 

VFvTfV 



7’’trj 



K may be determined as 


or R 

The direction of the resultant R is decided by the angle K. 
follows: 

. j. BC F 2 
tan - AC” Fi 

426. Resolution of a Force into Componente.—If the resultant R is given at 
O, Fig. 9, and it is desired to obtain two components of R parallel to the lines and 
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The resultant of any number of concurrent forces may be found algebraically in the fol¬ 
lowing manner: Resoive each force algebraically into components F* and Fy parallel to lines 
X and Y respectively, lines X and Y being any lines at right angles to each other and called 
rectangular axes. Let R represent the resultant of all forces acting at the given point; 2F« 
the algebraic sum of the components along the line X ; and SF^ the algebraic sum of all the forces 
along the line Y, 2)F« will then be the component of R along the line X and SFy will be the 
component along the line Y, The magnitude of 12 is then given by the formula 


and its direction by 


R = VCSF,)* + 


tan $ 


SF, 


e being the angle between the resultant R and the line X. Particular attention should be paid 
to the signs of SF* and ZFy in order to properly determine the direction of the resultant. 

42e« Equilibrium of any Number of Concurrent Forces.—^The arrow of the 
resultant R in Fig. 10 opposes the arrows of the other forces in following around the force 
f)olygon. A force equal and opposite to R would be the equilibrant of the forces or, in other 
words, the forces would be in equilibrium. Thus if a closed force polygon can be drawn for a 
system of concurrent forces, the forces considered are in equilibrium; and conversely, that for 
a system of concurrent forces in equilibrium the force polygon must close. 

Suppose a number of forces in equilibrium and acting at a single point on a given body 
be resolved into components in two directions at right angles to each other; horizontal and ver¬ 
tical, for example. The body will evidently be in equilibrium under the action of these com- 
fionent forces since they produce the same effect as their resultants. Moreover, the component 
forces along each line must balance or the body would move along that line. The condition 
of equilibrium may now be stated in a different way than above, by saying that the algebraic 
sums of the components of the forces along each of two lines at right angles to each other must 
equal zero. (By algebraic sum is meant the sum of the forces considering one direction plus 
and the opposite direction minus.) 

liCt XH represent the algebraic sum of the components along a horizontal line and let 
Z V represent the algebraic sum of the components along a vertical line. Then a special case of 
the above condition of equilibrium would he XH =0 and SF *= 0. 

Problems in the equilibrium of concurrent forces may be solved either graphically or 
algebraically if the number of unknowns is not greater than two. In the graphical method the 
two unknowns may be determined by the closure of the force polygon, while in the algebraic 
method the two unknowns may be found by means of two independent equations made possible 
by the conditions above stated. The two unknowns which may be determined in any given 
case are the magnitude and direction of one force, the magnitudes or directions of two forces, 
or the magnitude of one and the direction of the other. 


IllttstratlTe Problem.—A boom AB, Fig. 11, is supported in a horisontsl position by s cable AC which makes 
an angle of 30 deg. with the boom. A load of 3000 lb. is carrisd at point A. Determine the compressioii in the 
boom AB and the tension in the-oable AC. 

The concurrent forces at A are in equilibrium and these forces are all 
known in direction. Two are unknown in magnitude. 

Since Fi is horisontal, the vertiosl component of F must squal 3000 lb. 
in order thst XV may equal sero at the point A. 

P sin 30« 3000 

F « 0000 1b 

In order that SB m o 

Fi «■ F cos 30® 

Fi «* 5300 lb. 

lUnstratiTe Problem.— The crane truss shown in Fig. 12 is loaded with 
3000 lb. at Determine the stresses in the boom ae; the tie o6; the west 
ftd; and the stay bd. 



Fio. It 




Uf’ - 20 ' » 1 «-' 

IS - 25 


- 8' f IS' 

lit - J7 


MP* - tv f i» 
MP - 1$ 
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At th6 point L three forces are acting; namely, the 3000-lb. load, the etrees F in the tie ah, aii4 the itreea F\ 
in the boom oc. Draw the force polygon ABC by laying off the vertical line BC equal to 3000 lb. (ainee weight al- 
wajTi acts vertically) and drawing BA and CA parallel to F and Fi respectively. 

Since there is equilibrium in the crane truss, the forces acting at the point L are in equilibrium. Hence, the 
force polygon should close and the forces should act in order around the polygon. If the drawing is made to seals, 
the lines BA and CA represent directly the magnitude and direction of F and Fi. It should be noticed that trtattfl« 
ABC is similar to triangle LMN and it is not necessary to construct a separate force polygon if the crane truse is 



drawn to some scale in the first place. For example, if the scale usckI for drawing the truss is 1 in. 2 ft. then 
MN w 6 in. But MN represents a force of 3000 lb., hence, the scale used for determining the forces should be 
1 in. «■ 600 lb. 

F and Fi may also be solved algebraically as follows; 

LM 17 _F_ 

MS “ 12 " 3000 
F - 4260 lb. 
jyv ^ Ji_ 

MN • 12 " 3000 
Ft - 6260 lb. 


It will be noticed that the stress Fi acts toward the point L or, in other words, it is the stress acting 
against the shortening of the member LN^ thus denoting compression. The force F is the stress acting against the 
lengthening of the member LM, thus denoting tension. We know this to be true, and we have then a general rule, 
that, when a force is shown by the force polygon to act toward the point of application of the forces, the etress 
caused is compression, and, when a force is shown to act away from the point of application of the forces, the 
stress caused is tension. 

A force polygon ABD should next be drawn for the forces at the point M. The force F is now known and the 
tWb unknown forces Ft and Fi may be found in the same manner as the forces F and Fi were obtained from the force 
3000. In fact it should be remembered that when the forces of a concurrent system in equilibrium are all known 
except two, the magnitudes and directions of these two forces may be determined if only their lines of action are 
known. 

Since the tangents of the two angles MPN and LNK are each equal to the angles themselves are equal and 
MP is parallel to LS, Thus, the force polygon drawn for the three forces F. Ft, and Ft, is similar to triangle LMN. 
If the crane truss ia drawn to scale, no separate force polygon is needed. MN and LN, if properly scaled, will 
give the magnitude and direction of Ft and Fa However, it is not even necessary to scale the forces In this case 
since it is evident that Fi and Ft are equal in magnitude and that Ft is equal to the weight; that is, 3000 lb. 

We know F to be tension, hence, we should represent it as acting away from the point M. The tkTtowB muat 
follow in order around the force triangle ABD, consequently. Ft is compression and Ft is tension. 

Fa and Fa may also be solved independently as follows: 

LM 17 ^50 
MN 12^^ Ft" 


Ft 3000 lb. (same as the weight). 
LM Ijr 4260 

LS • 2*> Ft 

Ft "• 6260 lb, (same as Ft). 


Aatu>era 


f F * 4360 lb. (tension) 

I Fi m 63601b. (eompresstof * 
I Ft « 3000 lb. (oomprsishiiiy 
I Ft « 6350 lb. (t6nsi(fii) 
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43. Composition and Equilibrium of Non-concuirent Forces. 

43a. Graphical Method.—When several forces lying In the same plane and 
acting on a given body have different points of application^ so that their lines of action do not 
intersect in the same point, the magnitude of the resultant may be found graphically by com¬ 
pounding the forces in the same manner as in concurrent systems. Two of the forces may be 
produced until they intersect and their resultant found, then the resultant of these two forces 
c()m]M)unded with a third, then the resultant of the first three compounded witli the fourth, and 
so oil until the resultant of all has been found. 

For example, it is required to determine the resultant of the four forces shown in Fig. 13 
(a) which act on a given body. Produce forces Ft and F^ until they inoefc a 1 the point o. The 
resultant of these forces is Jfifi, the magnitude and direction of which is determined by the force 
triangle ABC in Fig. 13 (h). Produce Ri until it intersects the third force Fs at m. Ri is the 

resultant of Fa and /ii, 
determined by the force 
triangle ACl). Produce 
until it intersects the 
force F 4 at n. R is the 
resultant of Fa and /^ 2 , 
determined by the force 
triangle ADE, and, con¬ 
sequently, R is the re¬ 
sultant of the four given 
lorees. 

It will be noticed 
that Fig. 13 ( 6 ) is a force 
polygon for the given 
forces, and the resultant 
of all the forces is repre¬ 
sented by the closing line 
AK, There is, then, the same general rule for non-concurrent forces as for concuirent forces; 
namely, that the magnitude of the resultant of any number of forces acting in the same plane 
may be found by constructing the force polygon and scaling the closing side. The line AE 
also shows the direction of the resultant i 2 , but note that it does not give a point on its line of 
action. A point in the line of action of the resultant cannot be determined unless the construc¬ 
tion of Fig. 13 (a) (or its equivalent) is made. A force equal and opposite to R and having the 
.same line of action would balance the forces acting and the system would be in equilibrium. 

Forces Nearly Parallel ,—The graphical method already explained for finding a point such 
as n, Fig. 13 (a), on the line of action of the resultant, cannot always by conveniently used. 
If the forces are parallel, or nearly so, it is not easy to obtain the intersection of the forces and, 
consequently, a different construction is necessary. The diagram that is used for such cases 
is called the equilibrium polygon. The force polygon, however, is needed to find the magnitude 
and direction of the resultant* the same as before. 

Consider the four forces shown in Fig. 14 (a). The force polygon ABCDE for these forces 
is reproduced in Fig. 14 (h). The line AE gives the magnitude and direction of the resultant 
R. Select any point 0 and draw the lines OA, OBy OCy OD, and OE to the vertices of the force 
polygon. 

In the force triangle ABOy BO and OA represent the magnitudes and directions of two forces 
bo and oa which balance Fi. (The notation used is explained in Art. 42d.) Select some point 
1 on the line of action of Fi and draw the lines bo and oa parallel to BO and OA respectively. 
The force ho intersects the force F 2 at the point 2. In the triangle BCOy forces CO and OB hold 
Ft in equilibrium. At the point 2 draw eo parallel to CO until it meets the force Fi at 3. In the 
triangle CDOy forces DO and OC balance the force F$. At the point 3 draw do parallel to DO 
tin til it meets the force Fi at the point 4. At the point 4, draw eo parallel to EO until it meets 
tl|e line ; 0 f action of oa at point 5. It should be noted that forces eo and oa are the only forces 
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in the equilibrium polygon which so far have not been balanced by equal and opposite forces. 
As shown by the force polygon OA/JCDjB, these two forces hold in equilibrium the four forces 
F 1 , F 2 , F 8 , and F 4 . The force triangle AEO shows these forces to hold also the resultant R in 
equilibrium. Therefore a line drawn through the point 6 in the equilibrium polygon parallel 
to A F of the force polygon gives the line of action of R. 

The point O in Fig. 14 ( 6 ) is called the pole; OA^ OBy OC^ etc., are called and the lines 
1 - 2 , 2-3, etc., in Fig. 14 (a) are called atrings. 

Since O is any point that may be selected, it should be taken so that it will be most con¬ 
venient for the solution of the 
given problem and never on the 
closing line AE since then the 
strings on and oe become par¬ 
allel to AE and hence parallel 
to each other. It should be 
remembered that the magni¬ 
tude and direction of the re¬ 
sultant of any number of non- 
concurrent forces is given by 
the force polygon and a point 
on its line of action by the equi¬ 
librium polygon. The force 
l>olygon must first be drawn 
and the resultant determined 
in both magnitude and direc¬ 
tion by the closing side. The 
pole O should next be selected and the rays drawn, to which the strings of the equilibrium 
jiolygon should be made re 8 [)t;( 5 tiv<ily parallel. The line through the interseiition of the first 
and last strings parallel to the direction of the resultant in the force polygon is the line of 
action of the resultant. 

If the force R acted in the opposite direction, the system would be in equilibrium and the 
forties would follow in order around the force polygon. The system in equilibrium would then 
be forces Fi, Fj, F 3 , and F 4 and a force equal and opposite to R acting thiough the point 6 . 
If the force equal and opposite to R should be placed to one side or the other of the point 5, 

but still parallel to its direction as shown 
by the force polygon, the intersection of 
oe and oa would not fall on its line of 
action. We would then say that the 
equilibrium polygon did not close. 
Thus, it is easily seen for a given system 
of forces that, even if the force polygon 
closes, the equilibrium polygon may not 
close. 

When the force polygon closes and 
the equilibrium polygon does not, the 
result is that of couple. For such a case 
the resultant of the forces Fi, F 2 , Fs, and 
F 4 would not be in the same line of action as the remaining force and equilibrium could not 
result. Equilibrium exists when the moment of the couple is zero. 

ParaUel Forces.—The method is the same as shown for forces nearly parallel (Fig. 14). 
Fig. 15 shows the construction necessary to find the resultant of the four parallel forces Fi, 
Fa, Fa, and F 4 . 

486. Algebraic Method. —The resultant of any number of non-coneurrent forces 
may be found algebraically in the following manner: Resolve each force algebraically into com- 
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{K>uents Fx and Fy^ parallel respectively to X and Y axes. Then according to Art. 42df the mag** 
jiitude of R is given by the equation 

R = V(SF,)* + (ZF,)* 

and the angle it makes with the X axis is given by 

tana=-^-p-» 

Its line of action is found by placing its moment about any point equal to the algebraic sum of 
the moments of the forces with respect to the same point. If the moment arm of the resultant 
is denoted by a, and the moment arms of the several forces by oi, as, etc., then 

Ra = F lOi -|- Fsas -|- etc. 

If a force is applied equal and opposite to R and in the same line of action, the system of 
forces will be in equilibrium. Let SM represent the algebraic sum of the moments about any 
])oint. For equilibrium, then, 

SF, =0 2Fy == 0 2M - 0 

In practice it is common to use horizontal and vortical axes, for which case the above equa¬ 
tions may be written: 

S// = 0 SV = 0 = 0 

Problems in the equilibrium of non-concurrent forces may be solved if the number of 
unknowns is not greater than three. Three independent equations may be written, employing 
the three algebraic conditions above stated, and solving these equations simultaneously in any 
given case gives the three unknowns. It is often convenient to use two moment equations and 
either XH = 0 or SF = 0. A new moment center must be taken each time SAf « 0 is used. 

The three unknowns usually desired may be classed under three general cases; namely, 
where the following unknowns are required: (1) point ot application, direction and magnitude 
of one force (that is, the force is wholly unknown); (2) magnitudes of two forces and the direc¬ 
tion of one of these forces; and (3) magnitude of the three forces. The first case is nothing more 
than the finding of the resultant of a system of non-concurrent forces. 

A special case in the solution of non-concurrent forces occurs when all the forces considered 
are parallel. Then the number of independent equations reduces to two and it is possible, 
therefore, to detetmine but two unknowns, namely: (a) point of application and magnitude 
of one force; and (b) magnitude of two forces. 

lUostnitive Problem.—Find the reeultant of the three vertical forces shown in Fig. 16. 

Since the forces are all vertical, XH 0, and the resultant must also act in a vertical direction. Consider 
downward forces positive and upward foroee negative. The magnitude of 
the resultant may be found ae follows: 

R - 300 + 100 - 200 

— 200 lb., acting down (since the result is positive). 

It will be noticed that a force equal and opposite to R would make Uie 
forces in equilibrium. 

It is now necessary to find the point of application of the resultant R, 
By the point of application in this ease is meant a point on the line of 
action of the resultant. 

The slgebriuc sum of the moments about the point o is equal to 
(300)(2) + (100)(8) + (200)(2) - 1800ft.-lb. The resultingforeeIs 200lb. 
and the problem resolves itself into finding how far from the point o the 200 lb. should be placed to have the same 
effect as the three loads shown, or, in other words, how far away from o a load equal and opposite to the 200-tb. 
resultant should be placed in order to cause equUilMdam. Thus, JM — 0 may be used to find this distance 

- • ft. to the rW>t of 0 . 

It should be noted that the computations would have been more sinqide if the point x had been seleeted instead 
of the point o—that is, the Work would have been simplified by taking the origin cm the line of action of one of the 
orcte. The computations for that case would be arranged as follows: 

- u ft. totb.rf.ht of * 


300/b. 
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lUttStrmtiire Problem.-—The beam AB (Fig, 17) is 14 ft. long and loaded as shown. It is simply euppcM^ted at 
A and C, (o) Determine the supporting forces due to the three given loads. (6) Determine the supportiiMl foroes, 
including the weight of the beam which is 50 lb. per Un. ft. 

(o) R » *200 -f- 300 4” 400 ■■ 900 lb , actina <loa-n 
F -f F, - - 900 lb. 




Origin at At 

(200X4) -h (300) (8) + (400) (14) - I2F, 
Fx - 733 lb. 

F - 900 - 733 - 107 lb 


(6) Wt. of beam - (50) (14) - 700 II). 

F - 900 + 700 » 1600 lb. 

(200) (4) -I- (300)(8) 4- (400) (14) -f- (700) (7) - 12Fi 
Fi » 1142 lb. 

F - 1600 - 1142 « 458 lb. 


Anitu>er$ 


F 


167 lb. 
733 lb. 


A nswers 


1 F 


458 lb. 
1142 lb. 




B 


XUuetrative Problem.*— Find the reactions of the roof truss shown in Fig. 18 for the loads assumed. Solve by 
both the algebraic and graphical methods. The truss is fixed at A. Rollers are placed at B so that the reaction 
at the right end acts at right angles to the supporting surfaiie—^that is, vertically. 

Zl^ - 0. Origin at A, 

10,000 ^ 4- 4800 (6) - 50r* «- 0. 

Vt 3080 lb,, acting up. 

ZV - 0. 

3080 4- Vi - 10,000 - 0 

Vi 0920 lb., acting up. 

ZH » 0. 

4800 -* JSTi - 0. 

Hi 4800 lb., acting toward the left. 

Ri » V^OiW* + iiOO* 8420 lb., acting as shown. 

Fig. 19 •bmai b^w the laaetions are obtained by means of the force and equillbrinm polygona. The eon* 
•tnaction |» at UMomt Paair P, tha raanltaat of the 10,000 and 4000 lb. loads, in the force pdygon, Chooea pola 
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Fig. 20. 


O. Draw rays OA and OB. Draw strings oa and ob so that oa passes Uirough the point of support A being a 
known point in the line of action of i?t. Draw the closing line oc of the equilibrium polygon. Draw ray OC in force 
polygon corresponding to the closing line oc. Knowing F* to bo vertical, its magnitude is easily determined. B\ 
the closing side of the force polygon in magnitude and direction. Draw a line through A parallel to f?i of the force 
polygon, thus giving the line of action of the loft reaction. 

Fig. 20 shows how the reactions are obtained by pro¬ 
ducing the forces until they intersect. In many cases the 
intersection method cannot be used because the point of 
iiiterBection lies outside the limits of the drawing 

44. Center of Gravity. —The center of gravity 
of a body is the point through which the resultant 
of all the parallel forces of gravity, acting upon 
the body, passes for every position of the body. 
The resultant of any set of these parallel forces 
of gravity Is the weight of the body. If a force 
equal and opposite in direction to this resultant 
is applied in a line passing through the center of 
gravity of the body, the body will be in equilibrium. A force of gravity exists for each 
particle composing the body. 

In designing structures it is frequently necesaary to deal with the center of gravity, or 
centroid, of areas. The center of gravity may usually be found by some simple geometrical 
construction but for irregular figures it is convenient to divide the area into sections whose 
gravity centers may be easily obtained, such as rectangles and triangles. By treating those 
sectional areas as a system of parallel coplanar forces, the center of gravity may be found since 
it is the point through which the line of action of the resultant passes in whatever direction 
the parallel forces are assumed to act. It is only necessary to find the line of action of the 
resultant with respect to two axes at right angles to each other since the intersection of the two 
resultants so found will give the center of gravity of the area for all axes. 

The center of gravity of a rectangle is evidently at the intersection of the diagonals. The 
center of gravity of a circle or regular polygon is at the geometrical center of the figure. To 
find the center of gravity of a triangle draw a line from each of two vertices to the middle 
of the opposite side. The point of intersection of the two bisectors is the center of gravity of 
the triangle and lies at a distance from any 
vertex equal to two-third.s of the length o^ the 
corresponding bisector. 




nittstrative Problem. —A rod of uniform section, 15 in. long and weighing 10 lb., supports weights of 5 lb., 10 lb., 
15 lb., and 20 lb. The 5>lb. and 20-lb. weights are supported at the ends and the other two weights are equally 
spaced along the rod in the order shown (Fig. 21). Find the point at which the rod will balance. 

The weight of the rod may be assumed to be concentrated at its center. Taking moments about the end at 
which the 5-lb. weight is hung, we have 

- 5(0) + 10(5) + 10(7.5) -H 16(10) •+ 20(16) - 576 in.-lb. 
i? « 5 -h 10 -h 10 -H 15 -f- 20 • 60 lb. 
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lU«ttrative Problem.—^Locate the oenier of gravity, or centroid, of section shown in Fig. 22. 

Divide the figure into two rectangles and denote total area by A, The center of gravity of each rectangle is at 
,ts center. The gravity axis 1-1 may be located by taking moments about MN^ or 
Avo « (4U X H)C2W) -f (3 X }4)(H) - 6.44 in « 

A * (4M X H) + (3 X H) - 3.76 in.* 

6.44 

“ 3.75 * 

The gravity axis 2-2 may be located in a similar manner by taking moments about ST, or 


0 95 in 


^ X +_(4_X HKYa) 

~ 3 75 

The intersection of axes I- 1 and 2-2 determines fhe centroid of section. 


45. Moments of Forces.—The moment of a system of forces aboui:; a given point is equal 
to the algebraic sum of the moments of the forces composing the system about the same ptiint. 

The moment of a system 
of forces about a given point 
may be found graphically in 
the following manner: 

Let Fi, Fi, Fj, and F 4 , Fig. 

23, be the given system of 
forces and let k be the point 
about which the moment is 
required. Draw the force ami 
equilibrium polygons as de¬ 
scribed in 4rt. 43a and deter¬ 
mine the resultant R in both 
magnitude, direction, and line 
of action. The distance H in 
tlie force polygon is called the 
pole distance of the resultant R, 
strings oa and oe at .4' and E' respectively, 
respectively parallel) and 

r H 
y *" R 

Therefore 

M = Rr Hy. 

H is measured in pounds to the scale of the force diagram and y is measured in units of length 
to the scale of the space diagram. 

For parallel forces the method is the same as given above. 



Fk;. 23. 


Draw through k a line parallel to R and intersecting the 
The triangles AGE and A^O^E' are similar (sides 

'-^^^ovRr^Hy 


REACTIONS 
By Geobqe a. Hool 

46. General Considerations. —The finding of the reactions of a structure having two 
points of support—such as the simple beam, girder or truss—is a problem in the equilibrium 
of non-concurrent forces. As shown in Art. 436, the problem may be solved if the number of 
unknowns is not greater than three. Throe independent equations may be written employing 
the following throe equations of statics: 

SN = 0 SF « 0 Silf « 0 

Solving these equations simultaneously in any given case gives the three unknowns. The three 
unknowns may also be found graphically as explained in Art. 43a. 

Instead of the three equations of statics as given above, it is often convenient to use two 
moment equations and either 'S>H « 0 or 2 F * 0. A new moment center must be taken each 
time XM «* 0 is used. 

EeferrtQg to Fig. 24, it will be seen that six conditions are needed in order to completely 
determine the two reaetioiis Ri and Ns; namely, their pointi of application, their directioiis 

f 
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(direction determined for each reaction by fche angle made with the vertical), and their mag¬ 
nitudes. Three of these conditions may be determined by statics if the other three conditions 
are determined by the manner in which the strucUire is supported. The three conditions 
generally known are the points of support and the direction of one of the reactions. 

]f there are less than three unknown conditions in regard to the manner in which a structure 
is supported, then the structure is in general unstable and will tend to move bodily under the 
applied loads. For example, suppose the supporting forces to have only their magnitudes 
iinknown. Then unless the resultant of these reactions is in the same line of action as the re¬ 
sultant of the applied loads, equilil>rium cannot exist. The structure, therefore, will move 
.*md is termed unstable. 




When one end of a structure is placed on rollers, tlie reaction at that end is made to act at 
right angles to the supporting surface since the rollers, if in good condition, cannot offer resis¬ 
tance to motion along this surface. If a structure is hinged at a support, the lim* of action 
of the reaction at that support passes through the hinge. (A hinge generally is a steel cylin¬ 
drical shajje of sliort length and but a few inches in diameter, and called a Wlien used 

at a support it rests upon a shoe which in turn rests upon the support.) When a hinge is 
placed at the same support where rollers are used (Fig. 25), the reaction is at once deter¬ 
mined in both direction and point of application. 

Rollers not only cause a reaction to act at right angles to the supporting surface but also 
serve the purpose of allowing structures to expand and contract with changes in temperature 
and thus prevent additional stresses in different members. 

Structures supported at one end by a tie-rod should be considered as liaving the reaction 
at that point fixed in direction. A tie-rod is incapable of carrying compression or bending, 
and thus the reaction which it carries must act along its axis and produce tension in the rod. 

It is seldom found in practice that the point of application of a reaction is definitely fixed. 
For short beams which deflect but little and which rest at the ends upon steel bearing plates 
(inserted in order to distribute the load over the masonry supports), it is usually sufficient 
to consider the reaction as applied at the center of bearing, but this assumption is by no means 
an exact one. For long girders, especially, the deflection would be so great that the center of 
bearing would be brought near the edge of support and the assumption would not hold. How¬ 
ever, if a pin bearing is used with rollers, a uniform bearing on the support is ensured. The 
reaction is then considered to pass through the pin center, but this will not be quite true if the 
pin is badly turned or the bearing surface of the shoe upon which it rests is imperfect. 

The method of finding the reactions of restrained and continuous beams is explained in 
Art. 71. 

47. Determinatioii of Reactions. 

47a. Forces Parallel.—As explained in Art. 435, a special case in the solution 
of non-concurrent forces occur when all the forces are parallel. For forces all vertical SH « 0 
is not needed, and the number of independent equations reduces to two. It is possible, there¬ 
fore, to determine but two unknowns; namely, (a) point of application and magnitude of one 
force; and (b) magnitude of two forces. 

47l»« Forcea Not Parallel. —Reaction problems when solved algebraically will 
gimerally be simplified by finding the horisontal and vertical components of the reactions and 
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then obtaining the magnitude of either reaction by computing the square root of the sum of the 
squares of its two components. With one end on rollers and resting upon a horizontal surface, 
tlie vertical component at that support is the reaction required, and the horizontal component 
is zero. With a roller end resting upon an inclined surface, the reaction at that support will 
have both a vertical and a horizontal component, but there is at once a relation between them 
due to the fact that the reaction must act at right angles to the supporting surface. 

Reaction problems may also lie simplified when 
.solving alg(»braically bj'' resolving inclined loads into 
liorizontal and vt‘rt.ical cominments. 

If a load is distributed over a considerable area, 
as wind jiressure for oxamide, instead of being applied 
at a point, the resultant of this load may be used in 
the reaction coiiqmtations as a concentr'*ted load. 

For example, in Fig. 2(), only the resultant -wind 
pressure* P needs to be considered and it will act at 
the center of AC. The liorizontal and vertical components of P may be found in the following 
convenient manner: 

Consider first the wind pressure acting on a strip of roof surface having a l<*ngth A(^ and 
a width of one foot. Normal pressure on this strip 20 X — Pn. Denote horizontal and 
vertical components of P, by and F* respectively. Then 

Ih _ 12 
■Pn " A C 

or //, = =12 X20 

Similarly, I',. = 25 X 20 

Thus, from the above it follows that these //* and F, components can be determined by multi¬ 
plying the normal pressure in pounds per square foot by the projection of the upper chord (At' 
in this case) on a jilanc at right angles to the direction of the desired component. Since the 

trusses are 20 ft. center to center, the H and F components of the total normal pressure P 

acting on the truss are as follows: 

If = /f,(20) - 12(20) (20) = 4,H00 lb. 

F - F,(20) = 25(20)(20) - 10,000 lb. 

Roof trusses of sliorf span are generally fixed at both ends to the walls of the building, 
thus becoming statically indeterminate with respect to the outer forces. In this case the reac- 



Truss under dead and | 

snow loads. Reactions I 

rerttca! ’ 

Fm. 27. Fia. 28. 

tions for the wind load are determined separately from those caused by the dead and snow 
loads. Dead and snow loads cause only vertical reactions (Fig. 27). The wind load causes 
the reac cions to be inclined and the horizontal comi>onents tend to overturn the walls of the 
building. One of two a.ssumptions is usually made, either (a) that the horizontal components 
of the two wind reactions are equal, or (b) that the direction of the wind reactions are parallel 
to the resultant wind load (Fig. 28). a 

In the following illustrative problems, the reactions at points shown thus Q con¬ 
sidered to have both a liorizontal and vertical component. This symbol for a fixed end is 
not intended to represent a knife bearing but simply moans that the point of application is 


Truss acted upon by 
wind pressure onh. fre* , 
actions assumed parallel fo 
wind had. 
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determined and that the reaction may act in any direction. With rollers added to this symbol 


as here shown & the reaction is considered as determined in both direction and point of 
application. When solving algebraically, the hori;Eontal and vertical components of the 

reactions are represented thus: Where the value of Hi comes out negative, the 


horizontal component of the reaction acts in the opposite direction to that assumed. 

For finding the reactions of simple beams and trusses, see also illustrative problems on pp. 
15 and 16. 


niustrative Problem.—A beam is loaded as shown in Fitjc 29. Find the reactions at A and B by both algebraic 
ind graphical methods Neglect weight of beam. 


Sff - 0 
SAf « 0 

Vt 

SV - 0 


Hx ^ 0 
Origin at A. 

(6)(6) + (20)(22.3) - 15r* I (10)(5)-0 
29.1 tons, acting up, since result is positive . 

10 + 6 4- 20 - 29.1 - Vi 

V\ *» 6.9 tons, acting up. 



irons iOToni 



- 

Fig. 29. 


(If a clieck on Vi is desired, it may bo obtained by applying « 0 about if as an origin.) 

In Fig. 30, the force polygon is drawn for the given forces. The forces are designated by letters instead of by 
weight. It can easily be seen that Hi » 0 or the forces would not be in equilibrium. The force polygon, conse- 
<iuently, becomes a straight line since the forces are all vertical. AB ■» F\, BC » Ft, CD « Fi, DE * Vi, EA *• 
V\ It is not possible to determine the point E until after the equilibrium polygon is drawn. The string od 
.ntcrsects Vt at t. The string oa intersects Vi at k. The line OB in the force polygon drawn parallel to kt in the 

equilibrium polygon divides the line AD 
into two parts, DE and EA, which 
represent Vi and Fi respectively. is 
drawn in the equilibrium polygon because 
the forces are in equilibrium and the 
equilibrium polygon should close. 

lUustrative Problem.—Find the hori¬ 
zontal and vertical components of the 
reactions at A and B, Fig. 31, by the alge¬ 
braic method. Ni^lect weight of beam. 

Considerable labor will be saved by 
resolving the inclined forces into hori¬ 
zontal and vertical components and using 
these components only in the computa¬ 
tions. The lever arms of the horizontal 
coinpoiierits about either point of support is zero, leaving only the vertical components to be considered when 
applying ZM 0. Components are shown dotted in Fig. 31. 

2 If » 0 Origin at A. 

■ (17.33)(7) - (5)(2) f (7.07)(8) + (10)(20) - 15V, - 0 
Fi "■ 8 36 tons. 



Fio 30. 




- 17.82 - 6 -H F* - 7.07 4- 8.36 - 10-0 
Vi » 31.03 tobs. 

za m 0 

7.07 4- Hi “ 10 « 0 
H 1 » 2.93 tons. 


XUttStrative Problem.—Compute horizontal and verttoal comrottents of the reactions for the truss showii 
la Fig. 32 for the wind pressure showik. 
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A« explained in Art. 476, the components of the total wind pressure may be readily found as follows^ 
V m (20) (30) (20) - 12,000 lb. 

H « (20) (16) (20) « 6,0001b. 

H'» (5) (20) (50) - 6,0001b. 

XM * 0 Origin at A 

(5000)2 ^ (®000) 2^ + 12,000(5) - 30Fi - 0 
Ti *» 4920 lb 

SF *> 0 

4920 4- F2 - 12,000 =- 0 
Fs » 7080 lb 

2 // » 0 

0000 4- ,*>000 - //i =» 0 

I! I = 11,0(M) lb. 


Pig. 33 shows how the reactions are obtained by means of the force and equilibrium polygons. Since point B 
is a known point in the line of action of Ri, the string oa is drawn starting from this point. 

Illustratitre Problem.—Fig. 34 represents a Howe 
bridge truss of 120>ft. span, with 12 equal panels. 
Neglecting the dead load on the end panel points» 
determine the reactions algebraically for a dead load 
of 9000 lb. on each intermediate panel point and a 
live load of 20,000 lb. on panel points marked o, 6, 
and r. 

Reactions A and B are both vertical since the 
loads are vertical, which is generally the case on bridge 




‘iZpanelseiO-OT’itO-O' 
Pro 34. 


trusses. Then again, since the panels are all equal the algebraic method is by far the more convenient one to 
use. The stringers at each end either rest directly upon the abutments or upon end floor beams. In either case 
the load on an end panel point is fully carried by the support beneath, thus causing no reaction at the other sup¬ 
port and hence no stresses in the truss. This is the reason for the omission of the dead load on the end panel points 
in this •problem. In designing the details at A and B, however, the loads at these points must be considered. 

Reactions A and B each receive one-half the dead load, or 9000 X 5}i =» 49,500 lb. 

Reaction A for the live load is 


(90)^20,000) 4- (100)(20.000) -b (110)(20,000) , . . , 

---(origin at B) 

(20,000)(90 4- 100 4- 110) (20,000)(9 4- 10 4- 11) 

120 “ 12 


60,000 lb. 


This may be more conveniently calculated by obtaining the last equation directly, which means that we take 
the panel as a unit of length. Thus, the B reaction for the live load is 

(20,000)^^^— « 10,000 lb. (Origin at A) 

Total reaction .4 49,500 4- 60,000 »= 99,500 lb. 

Total reaction B ■■ 49,600 4- 10,000 «■ 69,600 lb. 


nittstrative Problem.—Find the horisontal and vertical components of the reactions of the three-hinged arch. 
Fig. 35, for loads Pi and Ft placed as shown; hinges at points a, 6, and c. 

From XM » 0 about the point a 

Pi(20) 4- P*(90) - Fi(120) - 0 
2Pi + 9P* 


F, 


12 


From XV m 0 


Fi 4- P* - Fi 4- TFt 
lOPi 4* 3P» 


Fi 


12 


From SH - 0 

Hi - Ht. 

In order to obtain the value of Hi and H$, It is necessary to equate the sum of the moments about the center 
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l»mgc 6 of all forco» ou cUhci wide of the Iiiiigo 1o zero Considcrnig tlic part ol the mkIj to the U‘f( of the <’ei»U‘i 
hinge 

ri(GO) - //iClOO) ~ Fx(40) » 0 
,, SVi - 2Fi 2Fi -f 3Fa 

or W. - //r--20 

It should be noted that four independent o(iuations have been used to give four unknowiih 

If tie rods should bo placed as shown, the tensirni in llichO rmlb would bt* ciiual to IJi -= //a, and only veitical 
pressure would be brtiugbt upon the suppoits 



SHEARS AND MOMENTS 

Gbor<}b a. Hool 

48. Shear. —Consider the forces acting on a beam to be resolved into horizontal and ver¬ 
tical components. Then the shear at any section is the algebraic sum of tlie vertical foices 
acting on either side of the section, and is the force which tends to cause the part of the beam on 
one side of the section to slide by the part on the other side. This tendency is opposed by the 
resistance of the material to transverse shearing. 

When the resultant force acts upward on the left of the section, the shear is called posilioCf 
and when it acts downward on the same side of the se(‘dion, it is called negative. Since SF = 0 
when we consider the forces on both sides of the section, then the resultant of tlie forces on 
the right of the section must be equal and opposite in direction to the resultant of the forces on 
the left of the section. Thus, it makes no difference which side of the section we consider, the 
shear is positive when the resultant on the left is upward and when the resultant on the right is 
downward. Also the shear is negative when the resultant on the left is downward and when the 
resultant on the right is upward. 

At the section Fig. 36, the shear, since there are no loads between the section and the 
left support, equals the left reaction and is positive. This is true of any section between the 
left support and the section cd. The shear to the right of cd is negative and is equal to 
the right hand reaction. 

49. Bending Moment. —The bending moment (or moment) at any section of a beam is the 
algebraic sum oi the moments of the forces acting on either side of the section about an axis 
through the center of gravity of the section, and is the moment which measures the tendency 
of the outer forces to cause the portion of the beam lying on one side of the section to rotate 
about the section. This tendency to bend the beam is opposed by internal fiber stresses of 
tension and compression. 
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When the resultant moment on the left of the section is clockwise, the moment is called 
posifive, and when it is counter-clockwise on the same side of the section, it is called negative. 
Since SM = 0 when wc consider the forces on both sides of the section, then the resultant 
jnomcnt of the forces on the left of the section is equal and opposite to the resultant moment 
of the forces on the right of the section. Thus, it makes no difference which side of the section 
wc consider, the moment is positioe when the resultant moment of the forces on the loft is clock¬ 
wise and when the resultant moment of the forces on the right is counterclockwise. Also, the 
iiiornont is negafioc when the resultant moment of the forces on the left is counterclockwise and 
when the resultant moment of the forces on the right is clockwise. 

P 

At the section ah, Fig. 36, the moment is It increases uniformly from the left sup¬ 


port where it is zero to the section cd where it is 



PL 

4* 


Positive bending moment causes compmssion in the upper fibers of a beam, and tension 
in the lower fibers. The reverse is true for negative bending moment. 

50. Shear and Moment Diagrams.—The variation in the shear or bending moment from 
section to section for fixed loads may be well represented by means of diagrams, called shear and 
moment diagrams. The diagrams are constructed by laying off a haseMne ecpial to the length 


k X >\a 


p 


L 

T 


+ ■>.f 




• FlaHedpoinf^ 


Base hne'^ 


I Shear 

j Diagram ifipjof-fed potnh 


\iShear hne 


P 


I? 



Moment Diagram 


%r^?5'Un.form 






Moment Diagram 


Fig. 36. 


Fig. 37 


of the beam and maiking off on this line the positions of the loads and the reactions. Positive 
shear and moment at given points should be represented above the base-line and negative shear 
or moment below this line. Points are plotted vertically above or below given points on the 
base-line, and the distance these plotted points are from the base-line should represent to some 
scale the magnitude of the shear or moment at these given points on the beam. The line join¬ 
ing the points plotted in this way is called the shear or moment line, depending upon whether a 
shear or moment diagram is being drawn. 

To illustrate, in Fig. 40, the ordinate ab represents the value of the shear at the point 
b of the beam and the ordinate cd represents the value of the moment at the point d. 

In shear diagrams for uniform loading, ordinates need only be erected at the ends of the 
beam and at the points of support. If concentrated loads are also applied to the beam, or¬ 
dinates must also be plotted at their points of application. 

In moment diagrams for uniform loading, ordinates should be erected and points plotted 
at the reactions and every foot or two along the beam. If concentrated loads are also applied 
to the beam, ordinates must also be plotted at their points of application. 
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If the *«hear or moment lines are not completely determined by the above rules, additional 
points should be taken. 

A cantilever beam is a beam having one end fixed and the other end free (see Art. 3, p. 2). 
The reaction at the fixed end is indeterminate, but the shear or bending moment at a given sec¬ 
tion may be easily found by considering the loads between the section and the free end. 




• Fbrabola 
Vlomer)+ Diagram 

Fia. 39. 


Shear and mojnent diagrams for both simple and cantilever beams with various loadings 
are shown in Figs. 36 to 41 inclusive. In ail cases the weight of the beam is neglected. 

61. Maximum Shear.—It is always desirable in proportioning beams to know the greatest 
or maximum value of the shear in a given case. The following rules apply: 

1. In cantilevers fixed in a wall, the maximum shear occurs at the wall. 

2. In simple beams, the maximum shear occurs at the section next to one of the supports. 
These rules can be Verified by examining the shear diagrams in Figs. 36 to 41 inclusive. 




Pia. 40. 


Pig. 41. 


62. Maiimmn Moment—By comparing the corresponding shear and moment diagrams 
in Blga. 36 to 41 inclusive, it will be found that the maximum moment occurs where the shear 
changes sign; that is, where the shear line crosses the base-line. This could also be shown 
algebraically. 

By the help of this principle it is necessary to construct only the shear line and observe 
from it where the shear changes sign; then compute the bending moment for that section. 
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Ulttitretive Problem.—Construct shear and moment diagrams for a 20-ft. beam supported at the eedg and 
loaded as shown in Fig. 42. Also, find the maximum shear and maximum moment, and the sections where they 


Reaction A ^ ^ gPOO 

» 14,250 lb. 

Reaction B * 13,000 4* 16,000 - 14,250 

- 14,750 Ib. 

Shear at A »■ 0 

Shear at section just to right of A « 14,250 

, / to left « 14,250 - (800) (5) » 10,250 

Shear at o( ^ 250 - 4000 « 6250 

Oi X 1 / to left - 6250 - (800) (5) « 2250 
Shea, at b[ ^ 2250 - 4000 - 1750 

q. . I to left - - 1750 - (800) (5) « - 5750 
anear at r \ ^ ^ 

Shear at section just to left of B <=» —14,750 

- 10,750 - (800) (5) » - 14,750 (check) 

Shear at B — 0. 

We shall determine the moment at points A, a, b, e and B. Moments should also be found at sections 2 ft. 
apart on this beam to completely determine the moment curve 

Moment at A » 0. 

Moment at a « (14,250)(5) - (800)(5) ( 2 ) * 61,260. 

Moment at 6 « (14,250) (10) - (8000 -f 4000) (5) - 82,500. 

Moment at c « (14,7r>0)(5) - (800)f5) ( 2 ) 63,750 

Moment at B » 0 


The maximum shear « - 14,750 lb. at a section 4000Jh 5000Jh 

just to the left of the right support. 

The shear changes sign at section b, consequently 
the moment is a maximum at that point « 82,500 
ft.-lb. 

In some cases the shear does not change sign at ^ 
the point of application of a concentrated load and 
in such a case the position of the section, where the 
bending moment is a maximum, must be scaled or 
computed from the shear diagram to the nearest 
one>tenth of a foot. 

63. Moment Detennined Graphically. f 4 ^ 

The bending moment at any section of a 
beam due to concentrated loads may readily ^ 

be determined by means of the force and 
equilibrium polygons. The method used is 
the same as that for finding the moment of 
a system of forces about a given point, de¬ 
scribed in Art. 45. 1 

Let the bending moment M be required I I js. j 

at any section of the beam shown in Fig. 43, ) j 

such as the point k. Draw a vertical line j SJ j wj N. j 

through the section, cutting two sides of the {/ } _j_ 

equilibrium polygon, and let the ordinate ^ r^- 

intercepted ^tween these sides be called r. Momerrr Diagram 

The intersection of these sides produced Fro. 42. 

gives the point of application of the re¬ 
sultant of the forces Pi and Ru the magnitude of which is represented by EB in the force 
polygon; that is, — Pi « AE — AB « EB, It should be noticed that Ri and Pi act in 
opposite directions, and consequently the resultant of these two forces is their difference. Let 
this recttltaat be palled B and its harisontal distance from k be called x. Then, M ^ Ex, 



Momerrf Diagram 
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iho triangle OBE is similar to the triangle which has a base r and an altitude x (sides res¬ 
pectively parallel) and, since EB is equal to R, we have ^ ^ or /2.r = Hr, 

Therefore the bending rnoiueiit of the forces on the left of the section is 

M ^ Hr 

bince H is constant, the bending moment at any point in the span is proportional to the vertical 
ordinate of the equilibrium polygon at that point. 

Suppose in the equilibrium polygon in. =*= I ft., and H = 2000 lb., then K in. in the 
equilibrium polygon represents 2000 ft.-lb. That is, each inch on the vertical ordinate of the 
equilibrium polygon represents 2000 X 4 — 8000 ft.-lb. of bending moment. For instance, if a 
vertical ordinate at a given section scales 2.45 in., the bending moment of that section under the 
above conditions is 8000 X 2.45 = 19,000 ft.-lb. 



Inclined forces acting on beams should b<‘ resolved into horizontal and vortical components. 
The horizontal components cause no moment so that only the vertical components need be 
considered. 

The graphical representation of bending moment at every point in the span can be applied 
to cases of uniform loading, but the construction is difficult and the algebraic method is much 
more simple. When a beam is subjected to both uniform and concentrated loads, it is sometimes 
convenient to find the bending moment for the concentrated loads by the graphical method, and 
the bending moment for the uniform load by the algebraic method. The algebraic sum of the 
two moments at any given section will give the correct moment at that section. 

64. Effect of Floor Beams in Bridge Construction. —Since bridges are frequently used to 
connect factories and other buildings, the effect of using floor beams in bridge construction on 
the shears and moments in the supporting girders or trusses, will be considered in this book. 
The principles involved apply to a number of other special cases in building construction. 

Floor beams are ordinarily riveted to the sides of girders. For clearness in presentation, 
however, the floor beams will be shown as resting upon the girders and the stringers upon the 
floor beams (Pig. 46), The shears and moments are identical for the two cases. Girders are 
usually placed parallel to each other and any load coming upon the planking or rails (or whatever 
the flooring may be) is transmitted by means of the stringers to the floor beams and thence to 
the girders, each girder receiving a proportional part. The loads given in each case will be the 
proportional part of the total load considered which is actually transmitted to the given girder. 
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Let F be the proportional part of an applied load which is transmitted to a given girder. 
As shown in Figs. 44 and 45 it will be transmitted at panel points 2 and 3. Panel point 3 will 

receive F - and panel point 2 will receive F or, in other words, these panel points receive 

the reactions of a simple beam one panel in length, the stringers not being continuous over the 
floor beams. 


In Fig. 45 considering only the applied load shown, the left hand reaction R^ equals F 


tt -h 6 


and the right hand reaction equals F 


L —^icL + 6) 


the same as if there were no floor beams. 


To prove this, it is only necessary to distribute a proportional part of the load F to the panel 
])oint 3 and also the proper amount to the panel point 2, and determine the reactions. 



> Springers 


without floor beams) 

In bridges carrying 
tracks, the stringers and 
rails aie generally equally 
spaced about the center 
line between girders or 
trusses. If the bridge is 
single-track, a girder (or 
truss) thus receives one-half 
the total live load; that is, 
the weight coming upon one 
rail. The above discussion 

applies directly to such a case, the load F being any wheel load which may come upon one rail. 

The following statements may be made pertaining to the effect of using floor beams. The 
first four statements refer to a girder supported at one or both of its ends. Statements 6 and 
6 explain themselves. The load considered is the proportional part of the floor load (live and 
dead) which is transmitted to the girder in question. Statements 1 and 3 are of use in designing 
trusses. 



Via. 4.5. 


(The only load applied to a girder between floor beams is its own weight. This is a uniform 
load and can be considered by itself, according to method previously stated. The following 
statements do not include this.) 

1. Shear is constant between any two adjacent floor beams. 

2. Moment varies uniformly between any two adjacent floor beams. 

3. Moment at any floor beam is the same as it would be if there were no floor beams. 

4. If no load is applied in a given panel, the moment at any point in that panel is the same 
as ii would be if there were no floor beams 

5. If a load is applied in a given panel of a cantilever girder, the moment at any point in that 
panel is greater than it would be if the girder had no floor beams. 

6. If a load is applied in a given panel of a girder supported at its two ends, the moment at 
any point in that panel is Ues than it would be if the girder had no floor beams. 
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55. A Sini^e Coiteefitnited Moving Load. — ^For a single concentrated moving load the 
maximum positive live shear on a simple beam at any section as A, Fig. 46, occurs when the 
load is just to the right of the section. This statement is readily verified by considering how 
the shear varies at the section as a load passes across the beam from the right to the left support. 
The left reaction, and consequently the positive shear, is increased as the load P is moved from 

the right support up to the section, being greatest when the 
load is just to the right of the section. Now move the load to 
the left of A. The shear is equal to the difference btween the 
left reaction and the load P and, since a load is always greater 
than either reaction (the load being equal to the sum of the 
reactions), the shear with the load to the left of A is negative, 
proving that the positive shear is a maximum with the load just 
Fig. 46. right of the section. In practice the load is always placed 

at the section. This same line of reasoning might be followed 
through for negative shear, moving a load fiom the left abutment to the section and consid¬ 
ering how the shear varies to the right of the section. The maximum negative shear is found to 
occur when the load is just to the left of the section. The value of the maximum positive shear 

for the load P is P 2’ ®*®d the maximum negative shear is P 

The maximum live moment at A occurs with the load at A, for a movement to either side 
reduces the opposite abutment reaction and consequently the moment. The maximum moment 
isP^ (L - x). 

At any point on a cantilever beam, such as at A, Fig. 47, 
the shear is a maximum when the load is anywhere to the right 
of the point. When the load is on the left, the shear is zero. 

The moment is a maximum at the section when the load is at 
B and equals P X x. When the load is to the left of A, the 
moment is zero. ^7. 

Now consider a bridge girder supported at both ends and carrying floor beams. Required 
^e maximum live shear in any panel as EF, Fig. 48. As previously mentioned, the load shown 
18 the proportional part of the total load in the panel which is transmitted to the girder in ques* 
tion. The shear is constant in PP for any loading. Let F denote this shear. Then, when the 
load P is in the panel EF, the shear 

V = (left reaction) — (load at P) * P 

If the load is so placed that » ? then the shear in * 0. This 

point is called the neutral point in the panel. A load to the right 
of this neutral point causes positive shear and to the left causes 
negative shear. Every panel has a neutral point which can be 
found by using the equation 

a 4* ^ ® 1 • vh 

— f — « - which gives a » —— 

It p L p 

It can be seen from the equation that the position of the neutral point does not d^>end upmi the 
magnitude of the load but simply upon the length of panel wad the position of the in 
the span. The maximum positive shear in panel EF will occur when the load F is at the pi rH 
pmnt F , ^ce the shear decreases as the load is moved from that point to the neutnd point 
where it is sero. For the same reason the maximum negative shear wfll occur when the I**!! ** 
b at tiie panel point E. 

As stoted in Art. M tiie moment at any jpoint in a panel, as JBP, for a load F in that ih”H is 
less thanit would beif there wemno floor beams, while with the load P outride ot EF, the 
moment is the some as for a ample beam. At the floor beama the fs tl w as if 

ihwewweBO floor beams. In detig^iiii|i stwmtnww niotwaat. mylydiwiTOd 
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consequently it is sufficient to compute the moments only at the floor bedims and to dO i4 fuilt 
as if there were no floor beams. Fig. 49 represents a cantilever girder supporting floor iHiiiOit 
Maximum shear in EF occurs when the load is anywhere to the right of F and equals P* Maad- 

mum moment at any panel point, as E, ocems with P at ® 
and equals P Xx, 

56. Moving Uniform Load.—For a moving unifoim load 
B the maximum positive live shear . 

’ . "■■■i ^ simple beam at any section as -^-——| 

.^ d, Fig. 50, occurs when the right a A 

k.£ -.*> hand section of the beam is loaded I 

Fio. 49. point considered. This * 

is seen to be true when we consider 

that adding a load to the right of A increases the left reaction and therefore the positive shear^ 
while adding a load to the left of A increases the left reaction by an amount less than the 
load which is added, and hence decreases the positive shear. The maximum positive shear 

at d in Fig. 61 for a uniform load of w lb. per ft. = « 

From similar reasoning to the above, the maximum negative shear at any section as d, 
Fig. 50, is found by loading to the left of the point. Maximum negative shear at d, Fig. 62, 

for a uniform load of to lb. per ft. — ^ tv (considering the right hand reaction). 

tv lb D^r fho^‘ maximum moment at any sec- wlbjoerff: 

tion as A occurs when the beam is Stilly 

I /4I ^ ^ ^ ‘ loadedj for the addition of a load any- 1 . 

.where on the beam will add a positive j<-.^ .-.f. 

^ moment at the section. For a load of 

Fig. 6J. ip lb. per ft., the Fia. 52. 


maximum M = 


(L - a;) - 


« ^ (L — a*) (L — L -I- a?) 


If the section is at the center of the beam, the 

maximum M | trL* 

The above formulas for maximum moment give results in foot pounds, since w represents 
the load in pounds per foot and L the span of the beam in feet. To get inch pounds, multi{dy 

insert for w in the formulas the load in pounds per 

_inch and for L the span of the beam in inches. 

— ,. J At any point on a cantilever beam, such as at d, Fig. 63, 

^ the maximum shear occurs for either a full load over the entire 

. .^ length, or for full load on the portion of the beam between the 

section and the free end, and equals wx. The moment is always 
negative and the maximum moment occurs for the same loading giving maximum shear; La., 

maximum M =» 

Now consider the case of a uniform load W W 

of ta lb. per ft, on a bridge girder supported I I ^ I 

at its two ends and carrying floor beams. i, f— ^- ^ '. . T- . - ,.-—^ 

If the girder is fully loaded, the load on each V t L ^ J: . .1. ^ 

floor beam is tap, except on the end floor |[ ^ | , | 

beams which carry H tap. HieBe end floor wFk ^ § r L.^ J 

beam loads are usually supported directly ^ ^ . 

on walls or abutments, and may be neglected ' ** —^ 

in determinitig shear and moment. Eif Fig. 

54^ then squids ZH ^ A equals 2M tap. Hie maximum positive shear in any pahe^ 
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such ab EF, occurs when the load extends from the right to the neutral point in the pane 
(Fig. 56). Thus 

ny(a -f- ft)* 

maximum v = —^ -— 

2L 2p 

In practice, the assumption is generally made that ior maximum positive shear in a panel, 

all panel points up to and including the 
one at the right of the panel are fully 
loaded, and the ones to the left without 
any load. It is not possible to get this 
loading, but the assumption is con¬ 
venient and a little on the safe side. It 
is obvious that in order for panel point F, 
I^. 55, to have a full load, the load must 
extend to the panel point E and then E 
would have half a panel load. A load at 
E would reduce the positive shear in FF, 
so by omitting this we are on the safe side; that is, we are providing for a little greater positive 
shear than actually exists. For this loading the shear in EF is 



(1+2 + 3) 


6 


- (pw) 


The maxiimim negative shear is likewise 


The moments at the floor beams are the same as they would be if there were no floor beams. 
Maximum moment occurs as before for full loading and is positive at every point. The maxi¬ 
mum moment at a floor beam distant x from the right abutment is (as in a simple beam) 

w(L — x)* 

2 

Fig. 56 represents a cantilever girder supporting floor beams, 
occurs when BE is loaded and equals tc(ft + J^p). Maximum 
moment at E occurs for either full loading or for full load on 
BEj and equals (in this particular figure), 


wL .j . 

^ (L - t) 


= |(;r)(L - .r) 


Maximum shear in EF 


p(l + 2 + 3)wp + 4p Q wp^ = 8 p% 



67. Influence Lines.—As a load moves over a beam, the 
shear and moment at a given section will vary. If the v<i.lue Fia. 5 ^. 

of moment at any point A is plotted as an ordinate at the point 

where the load is applied, and this process repeated for each position of the load, the result is 
called an influence diagram for the moment at point A ; and the curve generated fey the extremi¬ 
ties of all ordinates is called an influence line for the moment at point A, Similar lines may be 
drawn for shear and for deflections. In structures, influence lines may also be drawn for stress 

intensities at a given point. The curve gets its name be¬ 
cause of the fact that for any chosen point, it gives the 
influence on a certain function at that point, for varied 
positions of the load. 

It should be noted that the influence line for moment 
—for a ^|de beam, for instance—differs from the moment 
diagram for that beam. The moment diagram gives the 
moment ai any point for one position of the loadf while the 
influence line for moment gives the moment at me point for 
any position of the load. For each point in the beam time may be drawn an influence Ime, 
but each influence line is descriptive of but one point. In Hgt 57 there k drawn an influence 



Fiq. 67. 
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P<ib 


and that is the value of the ordinate at A 


line for moment at A, The moment at A is' , 

Pxb ^ 

The ordinate at B is and is the moment at A when the load P is at B, 


ah 


Suppose the beam to have a load of 1 lb. moving across it. The ordinate at A is then 

Usually influence lines are drawn for unit loads. The ordinate at B is then the moment at A 
when a unit load is placed at B. If the load at is not unity, then the moment at A will bo 
equal to the load times the ordinate at B for the l-lb. load. 

If the beam is loaded with a uniform load, the moment at A is equal to the load per foot 
times the area of the influence diagram for the moment at A. In Fig, 67 this is 

^ • L • or ^ • ah, which is readily recognized as the moment at A for a uniform load. 

For a partial uniform loading, the load per foot multiplied by the area of the influence diagram 
for the loaded portion will give the moment at A. 


A Base hrie^ 


"1*5 hflaertce line ^ 
krshearafA 



Without Floor Beams 

Fig. .'>8 . 


i 




A Basehne 


Ipfluence Hrj^ 


ibr ihearaf. 


I“T Influence hm for 
^ moment af A 
: (y ts Hie moment at A^ 
^ Tor a had Unity at k) 


i 





K .X *"•> 

Wi+h Floor 


^ Influence line tor 
Si momentertA 
Jl (showing moment is 
greater than with¬ 
out floor beams) 

Beams 


Fig 50 


Influence hne 
for shear at A 


Influence line for 
moment at A. 


Without Floor Beams 

Fig. 60. 




Influence hne for 
shear in panel £F 
, N is the neutral 
1 point in the pane! 


Influence line for 
moment at A 


— yS^Ci^t^fshowtng morrientis 
\c,--c -X* K b >i without fhor 


-x —->1 beams) Irrfluence fine 

. ^for moment at a floor 

\beamisfhe sarr^whefth 
er floor beams are present or not. 

With Floor Be^s 

Fig. 61. 


Influence lines for shear and moment on cantilever and simple beams and girders are shown 
in Figs. 68, 69, 60, and 61. 

The influence line shows three things: 

1. The effect on the function under consideration for a single load at any point on the 
structure. 

2. Where a single load must be placed in order to produce the maximum or minimum effect. 

3. With a unifoi^m live load, the part (or parts) of the structure which must be loaded in 
order to produce the maximum positive or the maximum negative effect. 

Influence lines are not generally used for determining values of functions for simple beams, 
girders, or trusses, because the algebraic methods are more simple, but the use of influence 
lines leads to a better understanding of the effect of moving loads and in many complicated 
structures the influence line affords the simplest and best solution of a problem. It is freely 
used'in methods of analysis; that is, finding the position of loads to give maximum shear or 
moment or whatever the function may be which Is under consideration. 
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68 . Concentrated Load Systems. 

68 a. Maximixm Shear Without Floor Beams.—In order to determine the value of 
the maximum shear at a given section due to a series of concentrated loads in a load system, it 
is first necessary to find just how the loads must be placed in ordei to give this maximum shear. 

Suppose the maximum shear b required at any section on a structure without fioor beams, 
such as Section A, Fig. 60. Place some load just to the right of A, which for convenience we 
shall call Pi. Let Gi then represent the sum of the loads to the left of, and including Pi, and 
G 2 the sum of the loads to the right of Pi. Also, let G equal the total load on the structure when 
Pi is at A, and b the distance between Pi and the next load to the right which we shall call 
Pi. 

Now suppose the system of loads be moved a distance h to the left thus bringing Pi to A. 
The effect upon the positive shear is first to decrease it suddenly by an amount Pi, after which 
It is gradually increased. The increase due to Gz may be expressed by 

Gi h tan a (see Fig. 60) 


and the increase due to Gi (decrease in negative shear) may likewise be expressed by 

GJb tan a 

The net change in shear due to the entire movement is 

Gib tan a + Gzh tan a — Pi 
or 



If this expression is positive, then the second position gives the greater shear and, if negative, 
the first position. For equal shears we have, therefore 

G ^Pi 
L b 

The slight increase in shear due to additional loads that may come upon the structure from 
the right has been neglected. The above expression means that to increase the shear we move 
to the left provided the average load per foot on the whole span is greater than the load at the 
section divided by the distance between this load and the next load to the right. 

Since the slight increase in shear due to additional loads that may come upon the structure 
from the right has been neglected in deriving the above criterion for maximum shear, the effect 
of such loads must be investigated. If G' be the total load on the structure when Ps is at A, 

then the increase in shear when moving up P 2 will be somewhere between G ^ — Pi and 

G'j — Pi. It may be possible for the first expression to be negative and the latter posi- 

G P 

tive. Such a circumstance would result in causing to be less than y for two succeeding 

loads and both positions would have to be tried. 

686 . Maximum Moment Without Floor Beams.—In order to determine maximum, 
live moment at any section of a structure for a system of concentx*ated loads, it is first necessary 
to find the position of the loads to give this moment. 

Consider the determination of maximum mo¬ 
ment at a section of a simple beam, such as A, Hg. 62. 

Let Pj& » resultant of all loads to the left of A. 
its distance from the section. 

P « total load on span. 

its distance from right support. 

X « distance of section from right support. 

Then ttie iMiiieiit at A is Fm, as* 



I 

% 
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Let the eyatem of loads be moved a small distance A to the left, the distance beiag sb SteU 
that the distribution of the loads will not be changed. Then the new moment is 

M~P - " - t ^ (L-x) - Pl(xl + A) 


[P ^ (L - a:) - Piart] + p| (L _ *) _ P„A 


The moment has increased by so doing provided 

p‘t {L - x)>Pi.A 


or * 

L - X 

In other words, the moment at a given section will keep increasing by moving the loads to the 
left until the sign of inequality is changed. That is, the maximum moment is obtained when 
with a load to the right of the section 

L^ L - X 

and with the same load moved to the left of the section 

P , Pl 
L^L - X 
P Pl 

During this slight movement ^ passes the value 


Thus, for maximum moment 


It follows from this that the moment will be increased by moving the loads to the left 
provided the average load per foot on the whole span is gi cater than the average load on the 
left of the section. Thus, the maximum moment at any section, as will occur when some 
load lies at that point, and that load must be such that when it lies just to the right of the 
section, the average load on the whole span will be greater than the average on the left, while if 
it lies to the left of the section, the average load on the left will be the greater. 

It sometimes happens that with a load just to the left of the section, the average load on 
the whole span is just equal to the average load on the left of the section. This means that 
the moment which has been increasing by moving the loads to the left, will now remain the 
same until some load either comes on the span, passes the section, or goes oflP the span. If a 
.oaa comes on the span, the moment is increased and the loads should be kept moving to the 
left. If a load should go off the span before a load reaches the section, then the average 
load on the whole span is still greater than the average load on the left, and the moment 
will keep increasing until some load reaches the 
section. Thus it follows from the above, that 
when the average load on the whole span is 
equal to the average load on the left of the sec¬ 
tion, the resulting moment is not necessaiily a 
maximum. It is a maximum only when no load 
comes on or goes off the span in the process of 
moving up the next load to the section. In such 
a case the same maximum moment is obtained 
for the two loads in succession. 

08c. Shear With Floor Beams. —The position of loads to give maxi¬ 

mum shear in any gpven panel of a girder or truss must first be determined before the value of 
this ahear can be found. Let Fig. 63 represent a system of concentrated loads on a 

bridge having fioor beams. Suppose the maximum shear from the live load is required in 
panel he. Let be the total load on the bridge to the left of the panel in question, the mm 
of theloade in the panel he, and O the total load on the span. Also let x equal the distance from 
0 to iim rq^t abutment, and xt the distance from G$ to the point c. 


0 



Fia. 63. 
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Then the shear 


Qx G%xt 


— Gi 


L p 

I-»et the system of loads be moved a distance A to the left; then the new shear is 

G{X 4- A) f?2(^2 -f A) 

L p 

Tho shear has been increased by the operation provided 

Gix 4- A) G 2 (x 2 + a) ^ Gx G 2 X 2 

---— (11 

L p L p 


or 


V 


I'he above expression means that to increase the shear we move to the left if the average 
load per foot on the whole span is greater than the average load in the panel in question, and 
vice versa. Hence, we find that the luaximum shear in the panel will occur when some load 
is at the panel point at the right of the panel, and that load must be such that when it lies just 
to the right of the panel point, the average load on the whole span will be greater than the aver¬ 
age in the panel, while if it lies to the left of the panel point, the average load in the panel will 
be the greater. More than one maximum may be found under each set of heavy loads. 

58d. Maximum Moment With Floor Beams.—As shown in Fig. 61, the moment 
between floor beams is always less than if there were no floor beams. Hence, it is only necessary 
to compute the maximum moments at the floor beams and to do it as if there were no floor 
beams. 

58e. Absolute Maximum Moment.—When a series of concentrated loads passes 
over a structure without floor beams, the bending moment 
under a given wheel load will vary and will be a maximum 
w^hen the w'heel is near the center of the beam. There 
will, consequently, be a maximum moment considering each 
w heel load and the greatest of these moments is called the 
absoltUe maximum moment. 

Suppose the maximum monicnt is required at the load 
Pi, Fig, 64, as the load system passes over the span. Let R 
equal the resultant of all the loads on the span when Pg is somewhere near the center of the 
beam. The moment at P 3 is 


J 


^ * 1 

' 1 ' 

ff 1 


<-. 

! 

L- 


• - . > 

. -> 


Fig. 64. 


3/1/ 

Mi = P ^ — (moments of loads Pi and P 2 ) 

In order for Mi to be a maximum, xy must be a maximum; that is, x must equal y. In 
other words, the center of the beam must be half way between Pg and R. Thus, the method 
of determining the maximum moment under any one of the concentrated loads is to place the 
loads so that the load in question is near the center of the beam and then find the line of action 
of the resultant of the loads which are on the span. (It is more convenient to move a line repre¬ 
senting the length of the beam than it is to move the loads.) The beam should then be placed 
so that its center will come midway between R and the load in question, and the maximum 
moment at the load computed. The maximum moment should next be found at each of 
the heavy loads in the same manner as above. The greatest moment will be the absolute 
maximum. 


SIMPLE AND CANTILEVER BEAMS 
By Walter W. Clifpord 

General Method of Design*—The maximum bending moment and maximum shear 
In a beam should first be computed as ained in the preceding chapter. Then the ]^oMem in 
iilw design of beams is to select one of such section that the maximum unit stresses induced in 
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the beam will be satisfactory and will not exceed the allowable working stresses. Formulas 
for unit stresses are used, one in terms of maximum moment and the other in terms of maximum 
shear. 

60. Bending. —When a beam supported at each end deflects under a load, the upper fibers 

sliorten and the lower fibers elongate. In a simple beam, therefore, the upper fibers are in com¬ 
pression and the lower fibers in tension. With a cantilever beam the .. ' 

reverse is true. C _^ T 

Figs. 65 and 66 show, much exaggerated, the effect of bending on a j ^ I 

.simple beam and cantilever beam respectively. The full lines represent g* 

the position of the beam before bending and the dash lines after bending, 
in each beam there is a horizontal plane or section, perpendicular to the 
elevations shown, in which the fibers neither elongate nor shorten. ^ 

This is called the neutral plane. The line of intersection of the neutral ^ 

])lane with a vertical cross section is called the nevlral axis of the section 

61. Fundamental Bending Formula. 

61a. Assumptions. —In order to get an expression for fiber 
.stress in terms of bending moment, certain assumptions n»ust be made. 

1. It is assumed that a plane cross section before bending remains a plane after bending— 
that is,, the two planes shown in Fig. 67 by the full heavy lines remain planes when they 
assume their dotted positions after bending. Above* the neutral axis the planes move toward 
(*{ich other an amount varying uniformly from the neutral axis to a maximum at the top of the 

sections. Below the neutral axis they move away from 
^ \ r""" other in a similar manner. This assumption is shown 

' t \ within the precision of ordinary struc- 

tnral work, 

/ \ _2. It is assumed that stress varies as deformation. 

r-—borne out by experiments within working limits 
Pig. 67. / * .l 

(see Art. 19). 

From the first assumption it follows that deformation varies from the neutral axis to a 
maximum at the outside fiber, and from the second assumption it follows that the stress varies 
in the same way. There is, therefore, uniformly varying compression on one side of the neutral 
axis and uniformly varying tension on the other. The moment of this compression and tension 
constitutes the resisting moment. 

In standard treatises on mechanics it is demonstrated from the above assumptions that the 
neutral axis in homogeneous beams passes through the center of gravity of the section. 

615. Derivation of Formula. —The ^^unit^^ stress diagram for any section of a 
beam is given in Fig. 68, and .shows the unit stress to vary uniformly from the neutral axis. 
If the fiber stress at the outside fiber, distant c from the neutral 
axis, be denoted by /, then the fiber stress at any point distant x 

from the neutral axis is ^ /; and the moment about the neutral ■ I . . -— - j;— > 

axis of the stress on an infinitely small area, distant xfrom the I . ^ ' I 

neutral axis, is a -x, orMx = and the moment for the 

Ox 0 


0 

G 





4 


"(JntFsfngss 

cf/agram 

Pia. 68. 


neutral axis, is a orM* = ; and the moment for the cf/agram 

whole section is AT = *' Xax^. 

c 

The term S represents summation and the quantity Zoa?® means the sum of the products 
obtained by multiplying each infinitesimal area by the square of its distance from the 

neutral axis. In rectangular sections, c — 2 ' 

61c. Moment of Inertia.—The quantity Xax^ is called the moment of inertia 
of the section about the neutral axis, and is denoted by /. The general term moment of inertia, 
however, refers to any axis so the moment of inertia of a section with respect to an axis may be 
defined as the sum of the products obtained by multiffiying each infinitesimal area of the section 
by the square of its distance from the given axis. Values of I for various sections are given 
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in ^'Cajrnegie'' and other handbooks, 
we have 


Substituting / in the formula of the preceding article 


M 


J1 

c 


which is the general formula for resisting moment in beams. - is called the section modulus, 

c 

6 Id. Design of Wooden Beams for Moment.—From the standpoint of moment 
computation the wooden beam is simplest. It is homogeneous and of rectangular section. 
The **totar^ stress diagram is therefore similar in shape to the **unit'' stress diagram (compare 

Figs. 6S and 69). / for a rectangle is Substituting this in the general formula, 


12 * 


/y- 


Sfcfian 


T 





dtagrm 
Fio. 69.—Wood beam. 


Shear 

diagram 


necessary is to substitute, in the formula hd 


•' 12 /6d* , ,, 6ilf 

^“" 57 ^= 6 ' OTbd*^-jr 

The above formula may also be derived as follows: The total com¬ 
pression equals the total tension (Fig. 68) or C » ^ knowing ~ 

to be the average stress. The moment arm is the distance between the 

, x ^. X . , 2d bdf 2d 

centers of gravity of the two triangles, or Then M '-y ■■ 

To design a wooden beam for moment the only procedure 
,2 _ 6M 
/ 


the allowable fiber stress and the maxi- 


Sachon 




mum bending moment (since the resisting moment must equal the external bending moment) 
and choose values of 6 and d which will make equal to or greater than -j . Some hand¬ 
books give the allowable bending moments and section moduli for dressed timber (see 
Sect. 2, Art. 2a). 

From the foregoing, it is evident that the strength of homogeneous rectangular beams in 
moment varies as the square of the depth and as the first power of the breadth. 

61e. Design of Steel Beams for Moment.—Steel beams are most commonly 
I or channel shape. The bulk of the metal is, for economy, at the top and bottom where it 
will have higher fiber stresses. The '' total ” stress diagram 
for these sections, instead of being the same shape as the ^ 

^*unit" stress dif^ram, is as shown in Fig. 70. Hand¬ 
books giving the properties of standard steel sections are 
published by steel companies and are universally used (see 
chapter on **Steel Shapes and Properties of Sections’’ in 
Sect. 2). 

61/, Design of Cast-iron Beams for Moment. 

Cast-iron beams, as such, are almost never seen. In 
the common uses of cast iron, such as bases, covers, etc., 

various parts, and often the whole must be designed as a beam. This 

Me 

is done by the general formula / *■ -y. Such sections are usually 

-irregular in shape and the center of gravity and the moment of inertia 
must be computed. 

Computations for locating the center of gravity are explained in 
Art. 44. 

61^. Moment of InerBa of Compoimd Sectioas.—The 
following rule, developed in treatises on mechanics, applies to any area: 
The moment of inertia of an area with respect to any axis equals the 
moment of inertia with respect to a paridlel axis through the oentec oi ^ 
gravity, plus the product obtained by multiffiidng the gtvmi area by tlie square of the distasioe * 
between the two parallel axes. Expressed by foimula /»*■/+ A**. Finding f for a bt#Wip 
sectuNi is, therefore, a question cd dividing the seetioo into simple geometrical areas, or areas 


Fro. 70.—Steel beam. 





Fm. 71. 
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for which properties can be obtained from a handbook, and then finding the momefit of 
of each of these areas about the neutral axis of the entire section by applying the abovo ttile. 
A summation of the moment of inertias so found gives the moment of inertia of the entire sOetioii. 
For example, to find the moment of inertia of the cast-iron section shown in Fig. 71, dhrfde 
the section into two rectangles as shown. 


I for the upper rectangle is ^ — 

liS xZ 

I for the lower rectangle is — 

Axi* for the upper rectangle is (4) (1.25)* 
A» 2 * for the lower rectan^e is (4K1*25)* 
I of entire section 


0.33 


5.33 

6.26 

6.26 

18.16 in.^ 


62* Bending Formulas for Concrete.—In concrete^ beams the general principles are the 
same as for wooden beams but, on account of the combination of materials, the neutral axis 
is not at the center of gravity of the concrete section. The assumption will be made in deriving 
formulas for concrete beams that the concrete takes no tension. This assumption is not strictly 
true, but the error is slight and on the safe side. In the early stages of loading all the concrete on 
the tension side takes tension but as the loading increases, the concrete cracks. The cracks 
start at the bottom of beam and extend toward the neutral axis. 

Referring to Fig. 72, let As and Ac represent the deformations of the steel and concrete 
respectively, as shown. 


Then 

Therefore 


If we let 


As d — kd r> , * fe J . 
Ac kd Ec 

As d - kd _ f, _ 1 — /c 
Ac ~ kd ~ nfc ~ ' k" 

k = 

/, + n/, 

{r = m, then - ■ i .. = — and 

/o’ k n 

k = 

m “h 71 


1_s 

As ^ 
Ac 

iAc 

m 

A 

nfc 

r 



>> 

> 

r r ^ 

> 


Fxa. 72. 


The depth of the neutral axis is therefore dependent only upon 
elasticity and the fiber stresses of the steel and concrete. 

The arm of the resisting moment is from the center of gravity 
center of the steel, or 


the ratio of the moduli of 
of the concrete stress to the 


The ratio of steel area to total area is called p. The total compressive stress is 5 X kd 
X ^ and the total tension is p6d/.. The allowable resisting moment is therefore hhd or 

pbdfjd —^that is, 

M « Hfckjbd^ or/.pjf6d* 


according as to whether the steel or concrete is the weaker. It is obvious that good design will 
make the two moments as nearly equal as possible, or yiJJcjhd^ * /«r; W*, whence 



Values Off/., /, and n are assumed for concrete design and from these k, /, and p can be computed 
by using the above formulas. Then by placing the term for internal moment equal to the actual 
bending moment, values for b and d can be selected to satisfy the equation. The area 
of steifi Is equal to pbd and suitable rods can be selected to give the required area. The Co- 
^&ient of kd* in ihe term for the resistitig moment (ie., pf,J and is a constant for any 
Mleeted values of /„ /. and n, and is usually denoted by k. Table giving the value of iT as 
as values for varkmsstressas is sh 152, 
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For investigatimg concrete beams already designed, the formulas may be put in the fol¬ 
lowing form; 

A. 

P ‘bd 

k « 2pn “h (pn)^ 
k 
3 
M 

Hkjhd^ 


pn 


j = 1 -: 


fc = 


f* “ 


M 


or 





pjbd^ 2p 

It is interesting to note that for /, = 16,000, /, = 650 and n = 15, and for other values 

6iVf 

giving the same fr, the formula / = as used foi wooden beams is true within less than 1 %, 

and gives an easily remembered method for the design of simple concrete beams knowing 
p = 0.0077. But is must be remembered that it is merely a mathematical coincidence 
that the simple beam formula applies since the error increases greatly with other unit stresses. 

63. Shear. 

63a. Vertical Shear.—Consider a beam with a single concentrated load at the 
renter and cut away the left-hand third of the beam, as shown in Fig. 73. By the principles of 
statics the internal forces acting on the section cut must balance the 
external forces acting on the left-hand portion of the beam. It will 
be seen that C and T, the resultants of the compressive and tensile 
stresses respectively acting on the section, do not satisfy the condi- 

I ' tions of equilibrium and there is required in addition the vertical 

shear 7. In other words, each vertical section must resist the ex¬ 
ternal vertical shear at that section. 

636. Horizontal Shear.—It is quite evident, and easily 
demonstrated by experiment, that if a beam be made of boards laid flat one on another, and 
then loaded, it will assume the condition shown in Fig. 74. This 
demonstrates that a horizontal shear or force acts along the fibers 
of a solid beam at different depths tending to cause movement on 
horizontal planes. This longitudinal shearing stress is due to the 
change of horizontal fiber stresses along a beam. For example, if 
ilC and BD in Fig. 75 are the '‘unit^’ stress diagrams at two sections, 
a unit distance apart, the cross-hatched area evidently represents 

a difference in stress to be resisted by the beam in horizontal shear. It 
is evident that a force is induced at every longitudinal layer tending to 
slide it past the next section above it; and this sliding or shearing force, 
which increases at every layer, attains its maximum intensity at the neutral 
axis. 

63c. Shear Variation in Wooden Beams. —The intensity of shear 
along a vertical cross-section for a rectangular beam varies as the ordinates 
to a parabola, as shown graphically in Fig. 69. The maximum intensity is 
times the average. 

VO 

The intensity of shear at any point in a beam is given by the general formula v «* -gj, in 

whieh Qiis the statical moment about the neutral axis of that portion of the cross-section lying 
either above or below (depending upon whether the point in question is above or below the neu¬ 
tral axis) an axis drawn through the point in question parallel to the neutral axis. The deriva¬ 
tion of this formula is given in standard text books on mechanics, it can be easily demonstrated 
that the values for so computed will fall on a parabola for a rectangular section. 

63d. Shear Variation in Steel Beams. —In a steel I-beam most of the tensile and 
eomparessive stresses are taken by the flahges. From consideration of the ^^total’’ stress 




Fig. 75. 
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Shear 

^la^ram 


Fig. 70.—Conm-te beam. 


distribution (Fig. 70) and from use of the formula v « it will be seen thatthereis very little 

difference between the intensity of shear at the inner edge of flange and at the neutral axis. 
The total'^ shear diagram is shown in Fig. 70. In steel beams the shear is assumed as uni¬ 
formly distributed over the web. This assumption greatly simplifies computations, and is 
not seriously in error. 

BSe. Shear Variation in Concrete Beams.—The variation of shear in a concrete 
beam is shown in Fig. 76, assuming the concrete to take no tension. The upper half of the 
diagram is a parabola as for the homogeneous rectangular 

beam. The shear from the neutral axis to the steel is con- 7 "N. 

stant since no tension exists between these points. The _ L _ 

maximum intensity of shear is v = The shear dia¬ 
gram, assuming the concrete to take tension for a short I ♦ » »I ^reaj 

distance below the neutral axis, is shown in Fig. 77. The Sechaa tHagrom tiia^ram 

break in the curve is at the top of the tension cracks in the Pxa. 70._Conon te beam. 

concrete. 

68/. Relation Between Vertical and Horizontal Shear.—At 

any point in a beam the intensity of the horizontal shear is equal to the ^ 

intensity of the vertical shear. This may be seen by. considering an T 

infinitesimal cube from any part of a beam. The moment of the vertical ^Tbpa^ 

shears must equal the moment of the horizontal shears for equilibrium. fensfon 

Therefore the intensity of the shears must be eiiual and the general formula l—J cracks 

and diagrams previously given are true for vertical as well as horizontal shear. 

63(7. Bond in Concrete Beams.—Bond in beam rods is a special case of horizontal 
shear, being the horizontal shear on the surface of the rods. As noted in a previous paragraph 

y 

the maximum intensity of shear in a concrete beam is v = This is the value from the 

neutral axis to the steel, and the total bond for a unit of length must evidently be equal to this 

V 

value multiplied by b. The unit bond is therefore divided by the entire surface of all the 
rods per unit of length, or 

V 


(See Notation in Appendix A,) 

6S/i. Minimum Bar Spacing in Concrete Beams.—Spacing of reinforcing bars 
must evidently be such that the concrete on a horizontal section through the center of the rods 
can take, in shear, the amount of the bond on the lower half of the bars. Practical considera¬ 
tions as noted under ‘‘Reinforced Concrete Beams and Slabs," and “Concrete Detailing" in 
Sect. 2 call for a wider spacing than determined by theory. 

64. Diagonal Compression and Tension.—it is proved in treatises on mechanics that if / 

__ represents the intensity of horizontal fiber stress and v the in- 

\ tensity of vertical or horizontal shearing stress at any point in a 

beam, the intensity of the inclined stress will be given by the 

formula / /—:- 

t = - 4-»» 

~^Unesofmtm^umcorrvpr993i^ , . .. . ^ i 

- UmaeFmaximm tension the direction of this stress by the formula 

tan 2/f = ^ 


where K is the angle of the stress with the horizontal. These two formulas are general and 
apply when / is either tension or compression. The formula for K shows that two values of 
differing by 90 deg., will satisfy the equation; that is, at any point maximum compressive stress 
and maximum ten^e stress make an angle of 90 deg. with each other. Fig. 78 shows approxj^ 
mately the direotions of the maximum stresses for a uniformly loaded beam. 
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The following statements may be verified by using the above formulas: 

(a) At the end of a simply supported beam where the shear is a maximum and the bending 
moment a minimum, the stresses lie practically at 45 deg. to the horizontal throughout the 
entire depth of beam. 

(h) At the section of maximum moment, the shear is zero and the stresses are horizontal. 

The fundamental bending formula—^in other words, the common theory of flexure—^is seen 
to give the unit fiber stress correctly at the important section of maximum moment and also tor 
the extreme fibers in other sections, since at these points the shear is zero. Where the shear is 
not zero, an inclined stress is the result and the flexure formula gives only the horizontal compo¬ 
nent of this stress—^namely, the fiber stress. 

In homogeneous beams of rectangular section, the diagonal stresses are not of importance, 
but in steel beams, especially in the case of built-up plate girders, the web is thin, and although 
of sufficient strength to resist the diagonal tension near the end of beam (acting at approximately 
45 deg. with the neutral axis) is often not stiff enough to take the diagonal compression without 
buckling. For this reason stiffener angles are used in plate girders (see Sect. 2 , Art. 52). 

In concrete beams, on the other hand, the material is amply strong in compression but weak 
in tension. Stirrups are therefore added to assist in taking this tension, and main steel is bent 
up near the supports. From Fig. 78 it is evident that shear reinforcement in concrete beams 
would be at various inclinations, from purely theoretical considerations, but this is not practical. 
The design of web reinforcement is discussed in Sect. 2 , Art. 34. It should be noted in this 
connection that part of the horizontal reinforcement should always continue through to the end 
of the beam in order to avoid the occurrence of high tensile stresses near the end of beam where 
shear is a maximum. The steel stress must be kept low enough so that large cracks will not 
develop in the concrete. 

66 . Flange Buckling.—The top flange of a steel beam is in effect a column although it is 
stronger than a column standing alone because of its connection with the web. It is therefore 
necessary that its ratio of length to breadth be limited in a similar way to that of a column, if 
full working stress is to be used in design. It is usually specified that a beam must be supported 
laterally at distances not exceeding 20 times the flange width or the allowable fiber stress must 
be reduced. The reduction is usually specified to be in accordance with a modification of the 
foimula for columns. light ties or trussing may be used to hold the top flange, or the flange 
may be stiffened with a plate or a channel. 

66 . Deflection.—The general formula for deflection is derived in treatises on mechanics. 
From the general formula are developed the following formulas for homogeneous beams: 

5 TTi* 

Simple beam uniformly loaded—Max. deflection -yj at the center. 

Simple beam with concentrated load in the center—^ at the center. 

1 Wl^ 

Cantilever with uniform load —5 - 577 - at the end. 

O Jal 

1 Wl* 

Cantilever with load at the end—^ at the end. 

All terms must be in inches to give deflection in inches. 

Formulas for other cases may be found in the steel manufacturers^ handbooks. J. B. Kom- 
mers, in the Engineering Nettm^Record for Jan 2, 1919, gives a very interesting method for com¬ 
puting ^'Beam Deflections under Distributed or Concentrated Loadings.’’ 

Deflection of supports for plastered ceilings is commonly limited to of the span. 

Defleetion, or stiffness required, often limits plank floors. Steel beams supporting machines 
frequently have to be designed for deflection. 

Defleetion seldom needs to be computed for reinforced concrete beams on account of ibifk 
great stiffness. G. A. Maney in a paper before the seventeenth annual meeting of the Amerioan 
Society for Testing Materials presented the foUowmg formula for the deflection of a relnforoed 
cotnereie besm of whatever shape: 

i. ' '■‘D-cj («,+<) 
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Where D » maximum deflection (inches). 

I » span (inches). 

d «■ depth of beam to the center of the steel (inches). 

Ce “ unit deformation in extreme fiber for the concrete 

e« « unit deformation in extreme fiber for the steel * i 


c « in which 
C 2 

Cl «the numerical coefficient in the formula for deflection of homogeneous beams^ 
wl^ 

D « Cl depending on the loading and method of support. 

C 2 *« the numerical coefficient in the formula for bending moment, M « c^wl^. 

For a simple beam uniformly loaded, c 
For a simple beam loaded at center, c •» Ks 
For a cantilever uniformly loaded, c » H- 
For a cantilever loaded at the end, c 

67. Unsjrmmetrical Bending.—The most common case of oblique loading or unsyminetrica! 
bending is that of I-beam and channel purlins on pitched roofs (see chapter on ** Design of 
Purlins for Sloping Roofs** in Sect. 2, also the last chapter in this section). 

68 . Summary of Formulas for Internal Stresses. 

Moment: 

General (use for steel) 

r ~ s ^ f 

Wood (use for homogeneous rectangular sections) 

y-Li 


Concrete 

For design 


Et 

fl/e 

‘/TTn/c 


' ftpjbd^ Kbd* 


kjfc 


For investigation 


2M^M 
hih f»P3 
A$ pbd 


k ■■ y2pn + (jw)* — am 


' •'•»<! - k) 



* * 1 and y 

- 1 (approx.) 



Maximum 



General 

for wood 

Steel I 

Conerete 

* 6/ 

2V 

• “m 

V 

^ V 
® hjd 


(approx.) V i 
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RBSTRAIKED AND CONTINUOUS BEAMS 

By Walter W. Clifford 


(o) 






r 


(C) 

Fia. 79. 


T 


69. General Information.—A restrained beam is one which is more or less fixed at one or 
both points of support. A cantilever beam is the most common example of a restrained beam. 
A continuous beam is one which extends over three or more supports. At the interior supijorts 
of a continuous beam, and also at the end supports if restrained, the curvature of the beam is 

concave downward—that is, like a cantilever, but just the oppo¬ 
site of a simple beam. In a continuous beam of approximately 
equal spans with, uniform load, the curvature near the middle of a 
span is like that of a simple beam. The elastic curve (curve of the 
neutral plane) of a simple beam, a cantilever beam, a beam fixed 
at both ends, and a beam continuous over four spans, are shown 
in Fig. 79 in the order mentioned. It is assumed that the beams 
are uniformly loaded. 

^ Where the curvature of the beam axis is concave downward, 

it is evident that the material in the lower part of the beam is com¬ 
pressed and that in the upper part is stretched, or in tension. This 
is opposite to the condition in a simple beam, but like that of 
the cantilever. The bending moment in a simple beam is com¬ 
monly called positive moment. The bending moment in a cantilever is of the oi)ix)site sign and 
is called negative moment. The continuou.s beam has negative moment at the interior sup¬ 
ports and usually positive moment at the center of span. 

Fig. 80 shows graphically the moment variation and the deflection curve for a beam con¬ 
tinuous over two spans and uniformly loaded. There are two points in _ 

the beam where the moment ii> zero for this loading. These points are 

called inflection imnU and are indicated by small circles. Inflection * i^V j * 

points are also indicated by small circles in Fig. 79(d). 

Since there is no moment at an inflection point, it is evident that a Mh 

hinge might be placed at this point without changing the stresses any¬ 
where. This is equivalent to saying that the part of a continuous beam 
from an interior support to an inflection point is in effect a cantilever; 
and the part of a span between inflection points acts as a simple beam. 

Practically a hinge at each inflection point would throw excessive bending into the support¬ 
ing piers or columns, in the case of unsymmetrical loading. But if we put hinges at the 
inflection points of alternate bays, we have the variation of the continuous beam principle 
used for cantilever bridges (see Fig. 81). This form of construction is also used for girders, 
both concrete and steel. ^ 



Flo. 80. 


Considering the two-span beam in Fig. t 0 as a cantilever 
f f* J"* “J j at the center support with suspended spans on each side, it is 

evident that the reactions and shears arc not the same as for 
Fia, SI. simple beams. One-half the load on each suspended span goes 

to the end support adjoining and is equal in amount to the 
reaction at that support. The other half is the shear at the inflection point. The shear at 
the center support is the shear at the inflection point plus the loads between this point and 
the support. The shear at the center support is evidently greater than at the end supports. 
In the particular case shown in Fig. 80, the inflection point is I from the center. The 
shears are therefore % wl and % wl at the end and center supports respectively, instead of both 
being tc as in the case of simple beams. Methods for computing shear in continuous beams 
are given in Art. 71. 

70. Atsumptioa Made in Design of Continuous Beams. —The moment of inertia, /, is 
usually assumed to be constant in value for the full length of the beam and the suppoxi^ are 
assumed to be on the same level. Although the assumption with regard to J is not in error for 

V 1Article on Portland bridge, Mng, JR«c., Mar. 4, 1916, p. 319, 
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a wooden or steel beam, considerable variation in the value of I may occur iu a couprete beam, 
l^'or example, the moment of inertia is usually larger at the center of span for reinforced concrete 
'r-beams, the ratio of I at center to I at support varying from 1 to 1.50 in typical cases of design, 
which causes about 10% variation in moment. This variation in the value of I increases 
(he positive moment and decreases the negative moment from the values as computed, assuming 
/ constant throughout. 

With a rigid beam, as one of metal or wood, and with rigid siipports, very precise work is 
required for each supjjort to bear evenly on the undefiected beam. In a beam continuous over 
two equal spans, with uniform load, the center support carries % of the load and the negative 
wl^ 

moment is -g-. If the center support shoidd be lowered by an amount equal to the deflection 

of a be.ain with a span of 21, the (*enter .support would take none of the load. The ix)si tive moment 

wF 

at that point would then be four times iis great as the negative moment of - The end reac- 


t ions w ould be increased 167 %. For a steel beam with two IQ-ft. spans, this lowering of the cente 
support would need to be only ^ in. in order to produce the above change in moments and re^ 
actions. From this illustration it should be clear that a slight change in elevation of a 
support of a continuous steel beam may cause a great change in t he moments and shears as 
ordinarily computed. 

With a concrete beam, the sup|)orts arc automatically leveled wh(m the concrete is poured— 
that is, so far as the beam itself is concerned. The only possible difference in elevation must 
iH)iiie from unequal settlement of supports or deflection of members in the finished structure. 
In the case of well-designed column.H and footings unequal settlement will be negligible. On the 
other hand, iu the case of girders supporting continuous cross beams, the girders will deflect. 
When this occurs, the negative moments in the cross beams will be reduced, but the positive 


moment will be greater than the moment determined for supports on a level. Allowance is 
made for this iu all concrete design specifications. 

71. The Three-moment Equation.—The usual basis of con- 
tinuous-beam design is the three-moment equation derived from the j i 

equation of the elastic curve. The mathematical derivation of this 
formula is found in standard text books on mechanics. The result 
is an equation for the moments at three adjacent supports in terms ^2. 

of the spans and loads. If the ends are free, the equation.s of the ^ ^ 

supports taken successively in groups of three are sufficient to solve 
for all the moments at the supports. If the ends are fixed, an extra ^ ^ 

.span with a length of zero is assumed at each end of the beam to 
give the two needed extra equations. The common forms of the 
equations are as folloivs: 

For uniform loads (see Fig. 82) 

Mih + 2il/2(^i -b h) + Mih « (a) 



Fxa. 84. 


For concentrated loads (see Fig. 83) 

Mill 4” 2JMt (li -f* I 2 ) 4“ MiL ~ — 2 iP— Aji*) 

- S PJtt*(2kt - 3A,*+ *,>) (6/ 

Both of these equations assume level supports and constant /. 
Having found the moments at the supports, the shears are 
found by considering each span of the beam (such as 2-3, Fig. 84a) 
after cutting it out close to the supports (as shown by the planes m 
and n), assuming the same shear and moment to act at each end of 
the cut portion as in its original position (Fig. 846). By taking 
moments first about one end and then about the other, the values of 
the shears may be determined. The moments acting at the ends must 
be included in the moment equations. 


The reaction at a support is the sum of the shears on each side of the support. Inflection 
points are at points of sero moment. Maximum positive moments arc at points of zero shear. 
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Tbe following typical example iadicates the method of applying the thr^moment aqua* 
tioa to an actual problem. 

HlaiMtiTe Problem.—ttetermino the shears, reactions, and moments at the supports for the beam of Fig. Sfi, 
loaded as shown. 

Using general Formula (a) and noting that ilf i 0, we have 
' tLWihOtrn UMt 4* lOAf* - ~ 4,320,000 - 4,000,000 - - 8,320,000 ft.-lb. (1) 
For the next two spans 

lOMt + S2Aft - ~ 4,000,000 - 12,288,000 • ~ 16,288,000 ft.-lb. (2) 
Solving (1) and (2) for Mt and 


X ^ % 


“Pio. 85 


Af* - - 123,000 ft.-lb. 
M» - - 290.000 ft.-lb. 


For shear in span 1-2, consider this span cut out of the beam and take moments about 2. Consider olookwise 
moments plus. 

+ 1271 - (10,000)(12)(6) - Af* - 0 


Vi - 


720,000 - 123,000 


12 


Taking moments about 1, 


7iL- 


720,00^+ 123,000 
12 


- 50,000 lb. 


70,000 lb. 


7i -H VtL - 120,000 « (12) (10.000) check. 
Shear in span 2-3. Taking moments about 2 

- Afi + (16,000) (10) (5) - lOVsL -f- Af* - 0 

ViL “ 96,000 lb 

Taking moments about 3 

- Afs - (lO.OOOXSO) + IOFsb + Aft - 0 

VtR « 63,400 lb. 

7i£, + VtR - 160,000 - (10) (16,000) check. 
Shear in span 3-4. Similarly 

V$R - 114,000 lb. 

74 - 77,6001b. 

The reactions will be as follows: 

Ai « 7i - 50,0001b. 

Ri - 7«l + VtR - 133,0001b. 

Rz - ViL + VtR - 211,000 lb. 

m, Vi - 78.0001b. 


For span 1-2, sero shear and maximum moment is 


472,000 lb. » sum of loads (check). 
50,000 


10,000 


<» 5.0 from left support, and M at this point is 
( 6 )» 


(60,000)(6) - (10,000)^ - 4- 126,000 ft.-lb. 

For span 2-3, sero shear is - 3,96 ft. from 2, and Af at this point is 

XOtVUU 

- 123,000 4- (3.96) (63,400) -^?^^(16,000) - 2,600 ft.-lb. 

For span 3-4, the maximum positive moment is 253,000 ft.-lb. and occurs at a point 6.5 ft. from the right support. 
Inflection points occur as follows: 

10,000aP« 


Span 1-2. 


Span 2-3. 


Af» ■■ 0 ■■ Vix — 

* *■ *■ 10 frcHn left end. 

OftMJU 


- 0 - - 123JW0 -* y 16.000) 4- 63,600* 

X* - 7.92* » - 15.88, or * - 3.96 ± 0.56 
Inflection points occur at 3.41 ft. and 4.51 ft. from 2. 

Span 8-4. Inflection point is 13.0 ft. from 4. 

The portions of the beams having positive moment may be considered simple beams as a ehack on the 
mement. 


Span 1-2. 

188.000 ft.db. 

lE^ma 8-4. 


Span 2-8. 



$pRn 2*3. tho inotact eheoh ^, 4^ to laoh of precision of the ilkle rule hs 
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Th® ehecka given in the example are checks on certain portions of the mathematics only and a prehIPKft *nay 
be carried through incorrectly and all these cheeks used. 

The shears and moments as computed above are shown in Fig. 86. 

The foregoing e^ple is typical, but computations are often long and laborious. Consequently, tha e|#or* 
tunity for mathematical error is great and an error once made follows through succeeding calculations* Sigtis ere 
the most common source of error. To avoid this as far as possible, 
the sum of the moments should be equated to sero instead of placing 
positive moments on one side of the equality sign and negative 
moments on the other side. Great care must be used in determin- j 
ing the sign of the various functions. It is weU to call clockwise mo¬ 
ments plus and counterclockwise momenta minus. 

Data on a great variety of continuous beams ari‘ 
given in Hoors Reinforced Concrete Construction,” 

Vol. I, and in ‘^Concrete Engineers’ Handbook” by Hool 
and Johnson. 

72. Continuous Beam Practice. 

72a. Steel, Wood, and 'Cast Iron.—Steel 
beams are practically never designed as continuous in 
building construction on account of variation in the 
height of supports. They are ordinarily fixed to columns 
by riveted connections, but the columns are, however, 
often of little greater moment of inertia than the beams. 

The actual fixity of the beams, therefore, depends upon 
the stiffness of the column and adjacent beams. Except 
where wind loads are to be considered (see Chapter on 



Fio. 86.—Shear and moment curves for 
beam shown in Fig. 85. 


*‘Wind Bracing of Buildings/' Sect. 3), steel beams are usually assumed to have free ends, 
which is on the safe side as far as the beams are concerned. 

Wooden beams are seldom continuous and in building construction usually have free ends. 
Cast-iron members or parts are often continuous and are sometimes fixed at the ends. Suitable 
reductions in moment factors should therefore be made. 


It should be noted that beams of two spans have the same maximum moment, whether 
continuous or simple. If beams are of constant section, there is, therefore, no difference in 
section required. If shear or center reaction is the criterion, however, the excess of 25% in 
shear at the center support in the case of the continuous beam should be considered. 

725. Concrete.—The principal use of continuous-beam design in buildings is in 
concrete construction. Where spans are equal or very nearly so, the moments recommended by 
the Joint Committee^ are commonly used. These specify double the strength theoretically 
required for positive moment in order to allow for deflection of supports. 

Simply-supported ends are not common in concrete construction. They may occur when a 
concrete member is supported on steel or brick. Where concrete supports are used, there is 
always some degree of ^ty, but seldom are the ends entirely fixed. Beams framing into heavy 
lower-story columns may to all practical purposes be considered as fixed. 
In other oases there is partial restraint at. end supports, and part of the 
moment of eccentric loadings is taken by the columns at intermediate 
supports. This matter is well discussed by Edward Smulski in an article 
on Design of Wall Columns and End Beams" in Journal American 
Concrete Institute for July, 1915. 

In praoticid construction, supports have considerable width. Thus 
moment eurves over supports will actually be somewhat as shown in fig. 
87(5). This will tend to reduce the maximum negative moment. In the 
theoretical case, the maximum occurs at one point only (fig. 87a). 
Ihe Joint committee allows higher unit stress in the concrete at a support because the actual 
ti^gativo mommit is lower than that figured and occurs only for a short length of beam, and 
also beeanse the section is enlarged due to the column.* 



Fm. S7, 


> am tot. 2, Alt. 88. 


* See Sect. 8, Alt. 40/. and Appef^Hx J, 
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78c. Concentrated Loads.—Uniform load is the common assumption in building 
For ordinary concentrated loads, it is common practice, and sufficiently accurate, to 
compute the maximum moment by considering the beam or girder simply supported, and then 
reducing this maximum moment by the same ratio used in the uniform loading. For example, 
suppose the maximum moment due to given concentrated loads is M, considering the beam 
simply supported, then if H2 would be used in uniform loading instead of xvl^ required for 

the simply supix)rted beams, H 2 of M, or M, may be used for the concentrated loads. 

72d. Shear and Moment 

1 2 


ofj " 

e 


a 


ofT 

iO 


6\S 

iO 


sfe 

JO 


Ik. 

JO 



^9\si 

104 


S3\sV 

J04 


5 / ^49 


sstes 

J04 


4t\0 

J04 


I 


J42 


67^70 

/42 


72\7i 7/\72 70\67 S^\0 


J42 


142 


J42 


142 


J42 


/4? 

Fig. 88 A—Shears in continuous beams, supported ends, uniform 
loads on ell spans spans all equal Coefficients of {wl) 


070 


Considerations.—In the case of 
unimportant members or those 
which occur only once, it is often 

cheaper to design even for~^^ at 

both center and support than to 
go to elaborate computations. 
Moment and shear factors for odd 
spans or unusual loads should not 
be assumed by any but experienced 
engineers. 

Shears and moments in con¬ 
tinuous beams with supported ends, 
uniform load on all spans, and with 
spans all equal, Are shown in Figs. 
H8A and 88i? respectively. The 
beam continuous over two spans 
is like two beams, each with one 
end fixed and one end sup|)orted. 
The beam fixed at both ends is 
like the center-span portion of a 
continuous beam of a large num¬ 
ber of spans. 

The moment curves of a fixed 
beam and a simple beam for uni¬ 
form loading are the same but with 
the axis of zero moments shifted 
(see Pig. 89)—that is, the arithme- 
ticalsum of the center moment and 

the end moment equals^ • 

Fig. 90 shows moments for 
center concentrated loads on two 
equal spans. Fig. 9U gives shears 
and moments for a uniform load on 
two continuous spans, one twice 
the other. 

For important members, especially those which are typical and repeat many times, com¬ 
putations should be made, similar to the example given in Art. 71. 

In concrete construction the dead load is usually a larger proportion of the total load than is 
true in other types of construction. This dead load is fixed and generally uniform. In com¬ 
putations, therefore, it is necessary to compute moments for the entire uniform dead load and 
then compute moments for live load with such spans loaded as will give maximum moments at 
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88 B.—MomentB in continuoun beams; simported ends, uniform 
load on all spans; spans all equal Coemcients of (wl^). 


> Prom paper by Fmakk S. Baxlst on *' Continuotie Beamii of Unequal Spans'' in lour, Boston Boo. C. K.# Oct, 


1917. 
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Dead load M total 


Mi -0 0822M»Za 
Mi-t - -0 0602wl* 


Dead load H total 

Max 

Max 

Max 

Max 


Mi-f - 0 0894u;Z> 

Mt « -0 0822u>l* 
Afi I - -0 057wl* 
i?i «■ 7?4 ■■ 0 42wl 
Ri Rz 0 83 m 1 
ViL - 0 68 m 1 
Vj« » 0 26«;Z 


Live load on two end spans 

Live load on one end span 

Live load on two end spans 

(No positive moment in center span) 

Loadings as above 

Live load on end spans 
Full load 

Live load on end spans 
Live load on center span 


The case of live load on cent* r and one end span is not considered in these i xampics 




F=1 

- 


F=] 

r 1 

1 1 

[ 1 


Fig. 92 

From the foregoing it is evident that a relatively short 
span between long spans may have negative moment 
throughout In the case of a very short intermediate 
span, a practical method of design is to tieglect it as a beam 
and treat it as a broad support for the adjacent beams. 

72e. Shorixig.—From a consideration of the 
moment curve for two spans (Fig. 80) it is evident that 
indisoriminate shoring of beams in the center may do more 
hann than good. Consider a span having a uniform load 
and introduce a support in the center at the same elevation 
as the original supports. The moment over this support 
is one quarter of what it was before, but of opposite sign^ 
In the case of a concrete beam or of a truss ‘Ube result will 
often be failure. The shear which was sem at the eenta* 
becomes oi the wlude load« wbiiBh mMy also hp 

dangerous, 
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73* Deflection.—Continuous and fixed beams have less moment under similar conditipne 
than simple beams and the deflection is therefore less. Some moments and shears a« »» 
deflections are here repeated for comparison; 



Maximum 

positive 

Maximum j 
negative 

Distance I 
from support] 
to inflection j 

deflection 


moment 

1 

moment 

point 

Simple beam, uniform load 

t/f- 

8' 



Swl* 

mil 

Simple beam, concentrated load 

Wl 

4 



Wl* 

48BI 

Cantilever, uniform load 


wl* 


wl* 

SEf 

Cantilever; load at end 


2 

Wl 

‘' 1 

Wl* 

3SI 

Beam fixed one end, supported at other, uniform load 

— W* 

128 

8 

h 

4 

0 0054^^ 

Beam fixed one end, supporteii at other, concentrated 





load at center 

.32 


^l 

Wl* 

0 0093 


11 

Beam fixed at both ends; uniform hiad 


wl* 1 

0 2111 

wl* 


24 

12 

384177 

Beam fixed at both ends, conceiitrateil load at center 

IV/ 

Wl 

1 

Wl* 


8 

8 

4 

192177 


74. Internal Stresses.—The formulas for internal moment and shear developed m the 
chapter on ^‘Simple and Cantilever Beams*' apply to continuous and restrained beams. In 
parts subjected to negative moment, compression will be at the bottom and tension at the top 
as in a cantilever. In the rest of the beam, stresses will be as in simple beams. The magnitude 
and direction of shear and diagonal tension is the same in relation to the external moment and 
shear in continuous and restrained beams as it is in simple beams. 


GBNISRAL METHODS OF COMPUTING STRESSES IN TRUSSES 


By George A. Hool 

78* Two Methods Used.—^The stresses in the members of a truss may be computed either 
by a ^^method of sections” or by a ‘‘method of joints.” It is often convenient to compute 
the stresses in some of the members of a truss ^ ^ 

by one method and the stresses in the remaining fc .. ■ V/ ^M . 

members by the other method. I I / * >4 / i 

In either method the necessary procedure, \J flgVsJ/ fij ^ / I 

in order to determine stresses for a given load- hr i '", p 

ing, is to separate the given truss into two parts * * ® ^ 4 

by an imaginary section, either plane or curved; ^ 

the part of the truss to one side of the section a a R 

is removed (that is, considered so) together with i \ IN vC 

all external forces, and the members that are 5 \J ^ / 

cut by the section are replaced by the stresses |||| q—^ . ^ - y 

acting in those members. By so doing, the ^5 

part of thetrussconsid^ed willbeinequilibrium 
<hie to the outer fmues aetmg on that portion 
^ the truss and the stresses in the in<«nbers 

W* If the section Is tfdcen comidetely across the truss, as XX' or YY\ Fig. 94(a), so that 
«is inesibtill cut db not dl intersect in one point, then the method used is the mdkpi af 




HANDBOOK OF BUILDING CONSTRUCTION 


50 


ISec. 1-76 


fiectiom* If the section is so taken that the members do all intel lect in one point, as ZZ\ 
Fig. 94(a), then the method used is the method of joints, 

76« Algebraic Treatment.—The algebraic treatment of the method of sectiom will be ex¬ 
plained with reference to the truss shown in Fig. 94(a) which is subjected to moving loads trans¬ 
mitted to the lower panel points. Assume that the maximum stresses in members (1), (2) and 
(3) of the truss are required, these members being cut by the section XX\ Consider the portion 
of the truss shown in Fig. 94(b). For a definite loading the forces are all in equilibrium as ex¬ 
plained above and, since only three members are cut, any or all of the three equations of equi¬ 
librium can be used; namely, ZH - 0, ZV =0, and SM = 0 (see Art. 43b). First use the 
equation SAf = 0. This equation is true about any point in the plane of the truss but, in 
order to get the stress in a given member directly, it is necessary to take the center of moiients 
at the intersection of the other two members. For example, the stress in Fs for a given loading 
can be found by taking moments about the point Ui, It should be noticed that U i is vertically 
above Li and, since the loads are all vertical, the moments at Ui and L\ are equal. The maxi-- 
mum stress in Fs, then, occurs with the loading which gives maximum moment at the first panel 
point from the left support (see chapter on ‘‘Shears and Moments”). Call this maximum 
moment Mi. The moment of F% (when Fa is a maximum) about the point IJ\ must be equal and 
opposite to Ml in order that SM uiay equal zero. Thus 

(max. F8)(^) = Ml 



In the same manner, calling M 2 the maximum moment at the second panel point, 

TVIOV 

max. 1 1 ~ —j— 
n 

It should be observed (using SM = 0) that the stress in the upper chord acts toward the 
section, thus denoting compression, while the stress in the lower chord acts away from the 
section, thus denoting tension; that is, Fi == compression and Fa = tension. This is true of 
all the upper and lower chords throughout the truss. 

The maximum stress F 2 remains to be found. This may be accomplished by using the 
equation SF = 0. The vertical component of the maximum stress in F 2 is equal to the maxi¬ 
mum positive shear in the second panel from the left support Call this component V 2 , Then 



In using the equation 2) F = 0, observe that the stress acts away from the section, thus denoting 
tension. 

Let the maximum stress be required in members (1), (4), and (5), Fig. 94(a). Take the 
section YY\ Using XH « 0, and knowing that the loads are all vertical, the stress in member 
(1) is seen to be equal and opposite to the stress in member (6). This applies for any loading, 
hence the loading giving maximum stress in member (1) will also give a maximum stress in 
member (5) of the same amount; that is, the loading giving the maximum moment at the second 
panel i)oint from the left support will cause maximum stress in both members (1) and (5). 

The maximum stress (compression) in member (1) is, as before, using SM * 0. This 

same amount of tension, then, occurs in member (6). The maximum stress in member (4) 
is directly the maximum positive shear in the third panel from the left support, using the equa¬ 
tion 2;F » 0. Stress in member (4) is compression. 

In the method of sections, the section should always be taken so as to cut only three 
members whose stresses are unknown. If more than three members are cut, there are more 
unknown quantities than can be found by the princii^es of statics. 

The method of joints is only a name given to the manner of determining stresses from the 
conditions of equilibrium of concurrent forces. The manner of using the algebraic conditions, 
namely, XH » 0 and SF «« 0, is explained in an illustrative problem on p. 10, the stresses 
bmfjilieriiuned in tbs membm of a crane truss* It should be clear that this method can be 
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Applied to a joint only when there are two unknown stresses. In solving a truss by this metliod, 
it is evident that a joint must be selected where but two members meet and then proceed from 
this to other joints. 

In the algebraic method of joints, if a maximum stress is desired in a certain member of a 
truss, all the joints from one end of the truss up to the member considered must be computed 
for the loading giving maximum stress in that member only. For this reason the algebraic 
method, although perfectly general, is too laborious to be employed in practice in determining 
the maximum stresses in all the members of an ordinary truss. It may be used with great 
advantage, however, for certain specific members, and should be understood. A graphical 
method based upon the same principles is well adapted for many types of tnisses, particularly 
roof trusses with non-parallel chords. In roof trusses, the conditions for probable maximum 
stress in the given members are few, and usually all the stresses may be computed graphically 
for each loading in much shorter time than it would take to compute the stresses throughout 
the truss algebraically for any one condition of loading. 

llliiBtrAtive Problem.—Roof trues of Fig 95(a), loads as shown, (o) Required the stresses in all members alge« 
braioaJly by the method of sections, (h) By the method of joints 


(a) Method of Sections 

To find the stresdcs in members LoUt and L^u pass a section a-h cutting these members. Consider the truss 
to the left of the section. Fig 95(b) shows the joint at I>o removed and the known loads applied, together with the 
unknowns Si and St, assumed to act as shown. Consider upward forces and forces to the right as positive; down¬ 
ward forces and forces to the left as negative. The two equations, S V « 0 and S/f « 0, may be employed to find 
the two stresses Si and St. 

ZV - 0. 4000 - 1000 - Si Bill a » 0 

St «■ (3000) ^ ^ » 0710 lb (compiession, as assumed, since lesuH is positive). 

S// ■■ 0. Si — iS’i COB a « 0 

5a assumed, since result is positive). 

To find the stresses in members UiUt, UiLt, andLiLa, pass a section c-d cutting these members and oonsider 
the portion of the structure to the left (Fig. 96r). The three equations of equilibrium may be used to determine 
the three unknown stresses, but the solution may be simplified by employing only ZM » 0 three times. This equa¬ 




tion should be applied at the intersection of two members to find the stress in the third. Thus, to determine the 
stress in UiVt, take moments about Lt, the intersection of ViLx and LiLa. Then, considering clockwise moments as 
positive, 

4000(20) - 1000(20) - 2000(10) - 5»(a) - 0 
5i » 4470 lb. (compression) 

The stress in Si may be obtained by taking moments about Lp, the intersection of ViUt and LiLt, 

2000(10) - 54(b) » 0 
54 2240 lb. (compression) 

The stress in Si may be found by taking moments about Ui, the intersection of ViLt and UiUt. 

(4000 - 1000) (10) - 5»(6) - 0 
Si 6000 lb, (tension) 

Other sections should now be taken cutting only three membere whose streesee are unknown and the moms it 
equation again applied. Proceeding in this manner the stresses in all the members may be determined. 

(&) Method of Jointe 

The stresses in members tiUi and LiL\ are determined as for the method of sections and the solution will not 
be repeated here. 



52 HANDBOOK OF BUILDING CONSTBUCTION IS4W5. 1-77 


4 


Pasaing now to the neat joint at which only two unknown* exiety joint Lt will be selected, shown in Fig. 96(a)* 


U 


t —% 

(O) 


XV mO. SfO 
XH 0, — S* ■■ 0 

or St 8t » 6000 lb. (tension) 

Next pass to joint Uu which is shown in Fig. 96(h). The two unknown forces are St and St. 
XV 0. 8i sin6 + St sin® — St sin# *- 2000 « 0 
St sin# ~ St sin# 1000 



XH - 0. Si cos# — St cos# — St cos# •• 0 
St cos# *i- St cos# ■■ 6000 

These independent equations involve only the unknowns St and 8t> Solt^ing simultaneously 
St - St ^ - 2236 
54 4- 6708 

St -• 4470 lb. (compression) 

54* 22401b. (compression) 

The stresses at joint Ui are now completely determined. In the same way pass to the other 


Fig. 96. joints until all the stresses in the members of the truss are determined. 


77. Graphical Treatment.—In the graphical method of sections it is necessary to commence 
at one end of the structure and pass a section cutting but two members. The stresses in these 
members can be determined by the single condition that the force polygon^ drawn from the forces 
on one portion of the structure, must close. Next a section is taken cutting three members, 
one of which has already been determined, and the two unknowns can be found by the force 
polygon method as before. By successive sections taken ir. this manner, all the stresses can be 
determined by simple force polygons. 

The graphical construction resulting from the method of joints is identical with that 
resulting from the method of sections. The only difference is the sections taken and, conse¬ 
quently, the order in which the lines are drawn. The method of joints is generally preferred in 
practice on account of its simplicity and this method only will be illustrated here. 


lUottrativa Problem.—-Required the strebses in all members of the loof truss shown in Fig. 97(a) by the graph¬ 
ical method of joints; loads as shown. 

It will simplify matters to draw a sketch of the truss to some suitable scale and show on it all the outer forces 
including reactions. Also, to designate all the forces and members on this sketch by letteis so located that each 
force and each member will lie between two letters and only two, as illustrated in 97(a) 


Now any force, as AB, tor example, in this figure may be 
designated in the graphical solution by a line having a length cor¬ 
responding to the magnitude of the force and with the letter a 
at one end and the letter b at the other. By going through the 
graphical construction in this mannei one lettei only need be 
placed at each apex of a force polygon and the work is gieatly 
simplified. 

The next step is to draw a force polygon for the outer 
forces to a scale of sufficient sise to give the desired accuracy 
The force polygon is abedefga in Fig. 97(&) and is a straight 
line, since all the forces are vertical. The external forces should 
be plotted in the order obtained by going around the figure in a 
clockwise direction. a6 1000. 6c -■ cd de 2000. </ ■■ 
1000. fg "• Ri 4000. ga •• Rt » 4000. The light and left 
reactions must previously be computed either algebraically or 
graphically (see chapter on “Reactions”). 

The force polygon should now be drawn for jointly. The 
unknown forces which act at this joint are the stress in BH and 
the stress in HO, bh and hg are known in direction but not in 
magnitude, hence, there are but two unknowns and these can be 
found by the polygon ot forces. The figure a66#a. Fig. 97(6), is 
inis polygon obtained by drawing from 6 a line parallel to BH, 
and from g a line parallel to HO. The lines bk and hg may now be 



Fig. 97. 


scaled from the force pdygon to obtain the magnitude of the 

stresses in the two members intersecting at Is. The eharmeter of these stresses must also be found. The forces 


at joint JCit, being in equilibrium, must follow in order around tbe corresponding force polygon. Reading around 
ioini Ze in a clockwise dirsotlcm gives 66 acting downward to the left, or toward the joint is, thus showing eom* 


pression, and hg acting toward the right, or away from the joint Xsi ehowing tension. 

The joint Lt is the next one at whioh only two unltnowne eifiet. The stress lit OH is known from joint Xa and 
the stresses in HI and JfO are unlfiiosrm The oorrespoirffinn force pofygm h^g for this joint must ^oes. ffinee 
|#6 and ie have the same line oi action, the Rue la thelosee polygon represonting the magnltttde of witi be a points 
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thus having no length. The stress in HJ therefore, sero. This might have been seen by inspection* hi thefh is 
no load at Zi to cause stress in this member. In reading aiound joint Li in a clockwise diiectioo. the line is from 
left to right, and the stress acts away from joint Zi. denoting tension. 

Now pass to joint Vu The stresses in CK and KJ are the unknowns. To obtain them diaW ak nn^Jk ih ih® 
force polygon parallel respectively to the corresponding members in the truss. (The stress being sero in J'Ep 
the whole space occupied by J and ff may conveniently be called J.) Reading around joint f/t in a clockwise dlreo* 
tion gives both ck and kj acting toward the joint (7 1 , hence, denoting compression in both these members. The 
polygon considered is bekjb. In a similar manner the stresses in the other bars may be determined. 


STRESSES IN ROOF TRUSSES 
By H. S. Rogers 

78. Kinds of Stresses.—Stresses in roof trusses may be either direct or combined. The 
stress in a member is usually assumed to be direct unless the member is loaded at one or more 
points along its length or unless it is subjected to a distributed loading other than its own dead 
weight. For method of computing combined stresses see chapter on “Bending and Direct 
Stress—Wood and Steel.” Direct stresses only are considered in this chapter. 

79. Loads.—The loads upon a truss may be classified as (1) dead load, (2) wind load, (3) 
snow load, and (4) miscellaneous load. The dead load is vertical and includes the weight of 
the truss and all fixed loads of the completed structure bearing upon or suspended from the 
truss. For calculating direct stresses, the dead load is considered as concentrated at panel 
points of the truss. The wind load is concentrat<jd at panel points and is usually taken normal 
to the plane of the roof. The snow load is vertical and treated in a manner similar to the dead 
load. The miscellaneous load may be due to mechanical equipment of a fixed or moving char¬ 
acter suspended from or supported by the roof truss. If such loads exist, their effect should be 
carefully studied and provided for. 

80. Reactions. —The reactions upon a truss together with the external loads form a com* 
plete system of forces in equilibrium. The reactions are vertical for dead and snow loads. 
Because the one-half dead panel load concentrated at the end of a truss has the same line of 
action and is opposite in direction to the total reaction, it may be subtracted from the total and 
the difference, called the “effective reaction,” may be used in the solution of problems. 

The direction and relative magnitude of wind load reactions depend upon the type of end 
supports. Three conditions for truss bearings are commonly used: (1) both ends fixed, (2) 
one end fixed and the other movable in a horizontal direction, (3) both ends equally free to move 
by elastic deflection in the columns supporting the truss. Condition (1) exists when both ends 
of the truss are rigidly anchored to solid masonry walls. For this condition the wind-load reac¬ 
tions are usually considered parallel to the wind load. Conditio ii (2) exists when one end of the 
truss is placed upon a rocker, sliding plate, or rollers, and the reaction then at the free end may 
be considered vertical. Condition (3) exists in framed bents—^that is, when roof trusses are 
attached to columns instead of being placed on masonry walls; for which condition the two hori¬ 
zontal components of the reactions at the points of inflection in the columns are considered equal. 
For stresses in framed bents, see Sect. 3, Art. 164. For methods of computing reactions, see 
chapter on “ Reactions. ” 

81. Methods of Computing Stresses* —The two general methods of computing stresses 
in trusses are the “method of sections” and the “method of joints,” as explained in th^ pre¬ 
ceding chapter. 

88. Algehrsic Method of Sections* —To determine the direct stress in the member of a 
truss, the following procedure should be used: 

1. Pass a section through the unknown member and remove part of the truss to one side of 
theseoiaon. 

% Reidaoe out members by forces, assuming the directions of the forces. 

3. Take mmnents about a point which is common to the lines of action of all unknowns 
but the one desired. 

4. Determine the magnitude and direction of the unknown force by equating the algebraic 
9um ot the moments to zero. 
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If the force which is to be determined acts toward the section, the member will be in com¬ 
pression; if it acts away from the section, the member will be in tension. 

Illttstfctive Problem. —The streseee in the Pratt truss shown in Fig. 98 will bo determined by the algebraic 
method, for the loads shown. Before beginning the determination of moments acting on sections of the truss, it 
will be convenient to determine the right-angle distances of upper chord members from lower panel points and the 
right-angle distances of web members from the heel joint, Lo. 

The first section is taken through Lol/i and and the part of the truss to the right of the section is re¬ 
moved, as shown in Fig. 98(5). The members arc replaced by forces, as indicated by the arrows. In order to de¬ 
termine the stress in LttVx, the moments are taken about Lu so as to eliminate the stress in LoLx, from the com¬ 
putations. In order to determine the stress in the moments are taken about U\ for a similar reason. The 
solutions of the equations give 


Because the sum of the mo¬ 
ments about Lx must equal sero, 
the force LoUx must be directed 
toward the section; therefore the 
member LaUx will be in com¬ 
pression. Because the sum of the 
moments about Ux must equal 
zero, the force Loibi must be di¬ 
rected away from the section; 
therefore, the member LtLx will be 
in tension. 

The second section is taken 
as shown in Fig. 08 (c), the cut 
members being replaced by forces. 
In order to determine llie stress 
in VxL\ the moments are taken 
about Lo\ and in order to deter¬ 
mine the stress in Vil\ the 
moments are taken about L\, 
The directions of the forces are 
determined as before. 

The third section is taken as 
shown in Fig. 98(d) and the cut 
members are again replaced by 
forces. The stresses and their 
directions are determined as in 
the previous cases. 

It should be observed that, if a section is passed through three unknowns, any one of them can be determined 
by taking moments of all the forces acting about the intersection of the other two unknowns. 

The stresses in a symmetrical truss loaded symmetrically need be determined only for one-half the truss. 

83. Methods of Equations and Coefficients.—The method of determining the stresses in 
symmetrical trusses, symmetrically loaded, by means of equations or coefficients involves the 
least amount of labor. 

Equations for stresses in members can be determined in terms of the panel load and the 
ratio of span to height of truss, by the algebraic method of sections, the loads being expressed 
in panel loads and the moment arms in terms of span divided by height. These equations give 
constant values, or coefficients, for each member of a truss for each particular ratio of span di¬ 
vided by height. The value for any member, when multiplied by the panel load will give a 
product, which will be the stress in the member. 

The equations for stresses and the coefficients of stresses for the standard simple types of 
symmetrical trusses are given in the Chapter on ‘‘Roof Trusses—Stress Data^^ in Sect. 3. 

S4« Graphical Method of Joints.—In the graphical method of computing stresses, joints 
are considered to be cut from the truss in consecutive order and a force polygon is drawn for 
the forces at each joint. The stresses should be determined by use of the following procedure: 

(1) Draw a scaled diagram of the truss showing all the external forces, and letter each space 
^^betweon forces or members with a Capital letter. 


Lor, » (3000) = 0710 lb. 

ijiJjx = (3000) (y) « 6000 Ib 
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(2) Consider eacli joint separately as a *^free body'^ acted upon by concurrent forcee in 
equilibrium. 

(3) Draw a force polygon for each joint showing the external and internal forces and letter 
each intersection of forces with a small letter corresponding to the space between the forces in 
the space diagram. 

Illustrative Problem. — 

The streswes in the trues of 
Fig. 99 will be determined by 
the graphical method for the 
loads shown. 

The heel Joint, Joint 1, is 
the first to be solved. The 
one-half panel load at the 
Joint and the reaction are 
combined to give the effective 
reaction. The force polygon 
for the joint is drawn with the 
forces 'parallel to the lines of 
action shown in the space dia¬ 
gram. Since the sum of the 
horisontal oomponents and 
the sum of the vertical com¬ 
ponents must equal zero for 
equilibrium, the polygon must 
close. The order of letters as 
read around the force polygon 
indicates the direction of the 
forces acting at the joint and 
thereby indicates whether a membei is in compression or tension. If the force acts toward the joint, the member 
which transmititt must be in compression; if it acts away from a joint the member must be in tension. 




00 



Fia. 100. 


Jdnt 2 is the next joint to be solved. The procedure used in the solution of joint 1 is followed. The known 
fmes aie marked with a line across tlje arrow in the space and force diagrams. It should be noted that no more 
than two unknowns can he determined in the solution of any one Joint, 

The Solutions qf Joints 3 and 4 follow in order and complete the solutiotis for the truss. 
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It is not uooQssary to draw separate space and force diagrams for each joint, as the irusa diagram gives the space 
diagrams for all joints and the force diagrams may be combined into one stress diagram as shown in the 6gure. 

XllttstratiTe Problem.—The stresses in the King-rod truss of Fig. 100(a) for the roof and suspended-oeiling loads 
shown will be determined by the graphical method. 

The truss diagram is first drawn to scale and all the external forces (loads rnd reactions) are indicated on the 
diagram. To construct the stress diagram, first plot to scale all the loads on the truss rafters, i.e., ab, &c, cd, de, and 
ef. Ri is then laid off from a and in opposite direction to oh, be, eto., and jRi is Iria off from /. The two reactions 
are found to overlap because the suspenaed loads on the lower chord nave the same line of action as the loads on the 

rafters at the panel points above. The left- 
hand heel joint is first considered by plotting 
the stresses in a clock-wise direction around 
the joint. The stress polygon is obtained by 
drawing hm and ml, from h and I, parallel to 
BM and ML respectively. Tracing this joint 
through by a continuous clockwise reading of 
the forces, hm is found to act toward the 
joint and ml to act away from the joint, 
which means that these stresses are com¬ 
pression and tension respectively. 

The first lower-chord joint from the left 
reaction is next determined. The forcet are 
again traced in a clock-wise direction begin¬ 
ning with the known force kl. In this force 
diagram it is found that mn and nk both act 
away from the joint and members MN and 
NK are, therefore, in tension. 

Joints 3 and 4 are solved in the same 
manner, which completes the determination 
of stresses, as the stresses on the right-hand 
side of the truss are equal to those on the left. 
The stress diagram may be completed as a 
check on the work. 

Illustrative Problem.—The dead-load 
stresses in the Fink truss shown in Fig. 100(b) 
will te determined by the graphical method. 
A special feature of this solution is the con¬ 
dition encountered at joint 4 which may at 
first appear to be an indeterminate condition. 

The truss diagram is drawn to scale and 
the loads and effective reactions are plotted. 

The joints are solved in the usual manner 
in the order indicated on the truss diagram. 
Bringing the solution from left to right^ a con¬ 
dition which cannot at once be solved is met 
at joint 4. There are three unknowns cp, po, 
and on. It is seen on inspection that the 
stress in the members DQ, QR, and RK will 
remain the same regardless of the web mem¬ 
bers toward the left. OP and PQ are, there¬ 
fore, out out and replaced by the dotted 
member P'Q, Joints 4, 5, and 6 are de¬ 
termined with this assumed member in place, and ’joint 6 is then corrected by throwing out the dotted member 
and replacing the members OP and PQ. The stresses in the members OP and PQ are then determined by the 
solution of joint at their intersection. 

The solution may be obtained in another manner, by solving algel raically for the stress in RK and lasdng it 
off to scale on the stress diagram, so that joint 6 can be determined before joint 4. 

XUttatrative Problem.—The stresses are required in the three-hiaged arch truss of Fig. 101. 

The reactions may be found graphically but the algebraic solution is more simple (see Illustrative Problem, p. 
21 ). After the components of the reactions are determined the stresses may be found by the usual stress diagram 
beginning at either reaction and determining stresses at consecutive joints, as shown in Fig. 101. The solution 
could, of course, be accomplished by beginning at the crown hinge. 

nittstrative Problem.—The stresses are required in a cantilever truss loaded as shown in Fig. 103(a). 

The reactions oi the truss are determined grflq>hica1ly in Fig. 102(a), as explained in the chapter on Heactlons.** 
The method of determining the stresses is the same as in the preceding Illustrative problems. 

86. Wisd Load StrMses by Cm OraidiiMl M«Siod.—ln the iUuatrative pirobleais which 
follow, etreoaes wfll be ^und in truasea due to wind load under the following oondiUons: (1) 






Sec. 1-85] 


ELEMENTS OF STRUCTURAL THEORY 


57 


roUoB on the leeward side of truss, (2) both ends fixed, and (3) rollers on the windward side 
of truss. The wind load is considered as that component of a horizontal wind force, normal to 
to the plane of the roof. 

XUttftratiTe Problem.’*—In Fig. 102(fr), the external force polygon is hret drawn with the loads parallel to the 
wind loads on the truss. The reaction, As, can be drawn vertically because it is transmitted through rollers, but 
the direction of At is not known so the polygon cannot be completed. The reactions will, therefore, be determined 



by means ol the force and equiUbrium polygons. Ai will be assumed as parallel to the wind load and the cloelng 
string will give the direction of the ray Os'. Now because Ai must take the entire horisonta! component of the wind 
load and beeauee Ai acts vertieally. a hoiiiontal line drawn from s' to e will give the point of intersection of the two 
reaetiooe. These rea ct ions may be checked by considering the total wind load and the two reactions as three forest 
acting on the truss. Snoe the directions and points of application of the resultant of the wind load and the reao« 
tion At are known, the two forces may be extended to their point of intersection, d; and, since the point of appliea-* 
tion of Ai is known, the direction of the force will be from d to the point of left reaction. The determination of 
lAveokon ft psidble to complete the external force ptdygon and obtain a eheek on the first solution for 

reaetliniic. 
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The streases are now determined by drawuig a force polygon for each joint. It nhould be noted that the 
web members in the leeward side received no stress. 

Illustrative Problem. —The wind stresses in the Scissors truss of Fig. 102(c) will be determined by the graphical 
method under the assumption that the reactions aie parallel when both ends of the truss are fixed by an anchorage 
to solid masonry walls. 

The space diagram is drawn with the lines of action of the loads extended so that the equilibrium polygon can 
he drawn. The reactions are determined by the ray, 0«, which is parallel to the closing string of the equilibrium 
polygon. 

The stresses are determined by beginning at the left-hand heel joint and following through in the order indi¬ 
cated. As in the previous problem no stress is found in the web members on the leeward side of the truss. Some 
stresses are produced in this truss due to wind load which are opposite in direction to those produced by dead loads. 
Stresses should be carefully determined in roofs of such extreme pitch. 

niustrative Problem.—The wind load stresses are required in the Pink truss of Fig. 102(d). 

The wind-load reactions upon the Fink truss of Fig. 102(d') will l>e determined in a different manner than that 
used for the determination of the reactions in Fig. 102(b). The load line is plotted as usual and a pole from which 
the rays are drawn is selected. The line of action at the loft support is known, but the point of application is the 
only element of the right reaction which is known. The equilibrium polygon, is, therefore, liegun at the right- 
hand heel joint so that the intersection of the strings can be made on the line of action of the force. The string 
prallel to the ray Oe is first drawn. The others ai e drawn in consecutive order from that one parallel to Od to the one 
parallel to Og. Since the line of action at the left support is vertical, the point of intersection with the string can 
be obtained. The closing stiing between the forces which form the two reactions is then drawn and the ray, Of, 
is drawn parallel to it. The intersection at / with the vertical line through g gives the left reaction, fg. The force 
r/, which is the right reaction, is drawn to the point of intersection of the vertical force through g and the ray Of 

These reactions may be cliecked by extending the line of the left reaction and the line of the resultant of the 
wind loads to a point of intersection shown at x, and drawing the right reaction tiirough the right-hand heel joint 
and point, x. Since the russ is in equilibrium the two reactions and the resultant of the wind loads must form a 
system of three concurrent forces The extended forces drawn to point x give a space diagram from which the force 
diagram, gef, may be drawn. 

The stress diagram is begun at the left-hand heel joint and the joints are taken in consecutive order until the 
Joint at the middle point of the rafter is reached, at which the condition encountered in the l*ink truss in Fig. 90(b) 
is again mot. The difficulty is removed by replacing the members XO and MX by tiie dotted member shown and 
carrying the solution through until fp is determined, after which the corrections are made as l)efore. It should be 
again noted that the web members on the leeward side of the truss take no stress. 


COLUMNS 

By H. S. Rogers 

86. Column Loads.—The loads to be calculated in the design of columns may be divided 
into six classes: (1) dead load, including snow load, (2) live load, (3) true live load, (4) impact 
load, (5) wind load, and (6) earthquake load. 

The dead load is produced by the weight of that portion of the completed structure which a 
column supports, and includes floors, curtain walls, roof, sui>erimposed columns, and permanent 
fixtures. It can be accurately determined and should be computed with a good degree of pre¬ 
cision. The snow load in effect is a dead load and may be considered as such. It may, how¬ 
ever, be unsymmetrical and may be combined under certain conditions with wind load. 

The live load on columns depends upon the use to which the building is put and includes 
such loads aS the weight of people, furniture, goods, and equipment. Quite accurate data for 
determining the weights of furniture and mechanical equipment can be obtained, but in deter¬ 
mining the loads due to occupancy of stores and office buildings, considerable judgment must 
be exercised. Since it is very improbable that the full live load on all floors will be imposed 
simultaneously, the uniform or concentrated loads used in calculating the strength of floor beams 
and girders may be reduced for the calculation of column stresses. The extent of the reduction 
of live loads in office buildings is usually specified in building codes, most of which permit a 
gradual reduction to some minimum for the assumed live load acting upon columns in con¬ 
secutive lower stories. 

iSchneider^s **Reduction of Live Load on Columns” is as follows: 

For columns carrying more than five floors, these (Schneider's) live loads may be reduced ae follows: 

For columi» supporting the roof and top floors, no reduction. 

For columns supporting each sucoeeding floor, a reduction of 5% of the total live load may be made tmtil 
60% if reached, which shall be used for the columns supporting all remaining floors. 
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This reduction is not to ftpply to live load on the columns of warehousesi and similar buildings which •rc 
likely to be fully loaded on all floors at the same time. 

The reduction of live load specified in the Seattle Building Code is as follows: 

Reduction of live load shall not be permitted in determining the strength of any part of a building except in 
accordance with the following provisions: 

Walls, piers, and columns, in buildings more than tnree stories high, used for stores, oflSces, places of habita'* 
tion, refuge and detention shall be designed to carry besides the dead load not less than the following percentage 
of the required live load: Roof and top floor 100%, next lower floor 05%, and for each succeeding lower floor 5% 
less, until a minimum of 50 % is reached and maintained for the remaining floors, if any. In all other buildings 
the full live load shall be taken 

The true live load is the dynamic load produced by machinery, cranes, elevators, telpherage 
systems, industrial railways or similar m echanical equipment. Detailed information concerning 
such loads should be obtained and provision should be made for the stresses which they produce 
in columns. 

Impact load is produced by the shocks and vibrations caused by true live load. It should 
be thoroughly studied and should be provided for with judgment. 

Wind load is produced by the horizontal pressure of the wind on exposed surfaces. The 
unit pressure is specified for various conditions in all building codes and is usually given as 30 
lb. per sq. ft. The wind load produces an overturning moment which increases the compression 
in the columns on the leeward side of a building, decreases the compression in those on the wind¬ 
ward side, and produces a moment in the columns by means of the truss and girder connections 
and wind bracing. Its effect is of great importance in high buildings and thorough study of the 
stresses produced by it should be made. 

Earthquake load will produce stresses in columns which should be investigated in those 
localities where earthquakes are liable to occur. 

87. Colunms and Struts.—A structural member which is acted upon by forces causing 
direct compression is called a column^ a pillarj a posty or a strvi. Short columns are those in 
which the ratio of length to least width is small. They fail by direct crushing of the material 
without appreciable bending or buckling. 

An ideal column is one in which the axis Is i>erfectly straight and the material absolutely 
uniform and in the same condition throughout, and to which the load is applied exactly on the 
axis. Such columns are not found in practice. 

Practical columns fail by a combination of direct compression and bending. The bending in 
centrally loaded columns is caused by accidental eccentricities of the application of the load, by 
unavoidable imperfections in manufacture and nonuniformity of material, 
and by initial bends and stresses in the column shaft. Due to these im¬ 
perfections, any column wull immediately begin to deflect under load. This 
deflection increases the lever arm of the forces causing the bending, and 
the bending will continue to increase until a state of equilibrium is reached 
or until the column fails. 

88. End Conditions.—One of the important factors governing the 
strength of columns is the degree of fixity of the ends. When the end of 
a column is perfectly free to turn, its end condition has no influence on 
its bending and it is said to be pivoted, A fixed end is one at which the axis 
of the column is held rigidly so that its direction cannot change. 

Fig. 103 shows the flexure lines of three columns with different sets of 
end conditions and lengths such that their theoretical strengths are equal if 
their cross sections are the same. Fig. 103(c), with both ends fixed, has 
points of contrafiexure (or zero moment) at the quarter points, so that 
the column between these points is essentially the same as the pivoted-end column in Fig. 
103(o). 

Conditions in practice are seldom such that a column may be considered as having fixed 
ends.^ The usual end conditions are pin ends, flat ends, and riveted ends.* A riveted end fre- 

* ScM9 article “Piked End Columns in Practice,” Bng. News, Nov. 2, 1011, vol. 66, p. 530. 

* Pin and riveted ends do not occur in ooncrete oolumns, tee chapter on “Concrete Columns” in Sect. 2. 



Fig. 103. 
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quently approaches the pivoted-end condition due to the influence of the flexure of other members 
connected to it^ causing the point of contraflexure in the column to lie at or near the end. 

The formulas in general use are applied to columns with any of the end conditions above 
mentioned. 

89. Application of Column Loads.—The loads upon floors and roof are transmitted to columns 
by the girder and truss connections. They may be either concentric or eccentric according to the 
details of the connection. A concentric load is one which is applied axially along the column. 
The loads transmitted to columns by the usual girder connections should be considered as con¬ 
centric. If, however, a girder is supported by a bracket on a column, the eccentricity of the 
load applied should be investigated and the column should be designed to withstand the bend¬ 
ing stresses in addition to the direct stresses (see chapters on Bending and Direct Stress^')- 
In addition to concentric and eccentric loads, direct transverse loads may be applied to columns 
by cantilevers supporting platforms, roofs, and cranes, or by wind bracing. When such loads 
occur, the stresses produced by them should be considered in the design of the column. 

90. Stresses Due to Concentric Loading.—There is no direct method which can be used to 
obtain the dimensions of a long-column section, but very short columns should be computed 
by using the safe compressive strength per square inch of the metal in short blocks. In the 
design of an ordinary column, which has no eccentric loading, the procedure which should be 
followed is: (1) select a column which will give the desired features in the detailing of connections, 
(2) determine the stresses which are produced by concentric loads acting upon the column, 
and then (3) correct the design of the section to bring the stresses within the allowed working 
intensities. There are two kinds of stresses produced by concentric loads to which a column 
may be subjected: (1) direct compressive stress distributed uniformly over the section; (2) 
transverse stress produced by the flexural action of the column and distributed with varying 
intensity from the neutral axis to extreme fibers so as to form a stress couple. 

91. Column Formulas.^—There is no simple rigorous analytical method for determining 
the resultant stresses in a column. There are, however, two more or less rational and two em¬ 
pirical types of formulas for determining such stresses. These types are the Euler, the Gordon 
or Kankine, the Straight Line, and the Parabolic. 

92. Euler’s Formula.—Euler’s formula is derived upon the assumptions, that the column 
is concentrically loaded, that it is subjected to direct compression, that it has fixed or square 
ends, and that it is free to bend laterally. It assumes that the material of the column is per¬ 
fectly elastic and that the ultimate strength of the column is developed at a stress equal to the 
elastic limit of the material. The expression for the ultimate strength of columns with fixed 
ends is 

4ir»j& 

in which 

p s intensity of stress within the limits of perfect elasticity. 

E » modulus of elasticity. ’ 

L « length. 

r « least radius of gyration. 

~ is called the denderneee ratio, 

T 

Through the center of gravity of a cross-eeotion there is always a pair of axes about one of which the moment 
of inertia ia a maximum and about the other a minimum. Theae momenta of inertia are called principal momenta of 
inertia and the axes about which they are taken are called principal axes. An axia of asrmmetry which dividea a 

croaaeection symmetrically is always a principal axis. The least radius of gyration (r » "^^^and* oonaeauenlly, 

the minimum moment of inertia is used in designing columns. A column bends in a direction at right aaglaa to 
the axis about which the radius of gyration is a minimum, provided the column is not laterally anpported in that 
direction. 

Long columns with pivoted ends will act essentially as that part of the fixed cohimti between 

t For Concrete Columns’’ see chapter in Sect. 2. 
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the two points of contraflexure, which is equal to one-half the length of the column, 
pression for the ultimate strength of columns with pivoted ends is therefore 


P 


il* 

r* 


The ex- 


Euler’s formula is not used in specifications, as are formulas of the other types, because the 
ideal conditions upon which it is based are not met in practice. It is applicable to long columns 
with fixed ends which have a very large ratio of L/r and to columns with hinged ends which have 
an average ratio of L/r, but gives values up to infinity for short lengths, which is incompatible 
with actual conditions. 

98. Gordon’s Formula.—The Gordon formula is based upon the assumptions that the 
column is concentrically loaded, that it is subject to direct compression and fiexural stresses, 
and that it is free to bend laterally. It assumes further that the column deflects laterally and 
that the bending stress is produced by the moment of the axial load about the point of maximum 
deflection. 

Let p «■ allowable intensity of stress over the column section 
/i « the uniformly distributed stress due to the total load. 

/i =a the flexural stress due to the bending of column under the load. 

/ « the maximum allowable intensity of stress in short blocks. 

P M the total load. 

A « area of column section. 

A maximum deflection of column. 
c distance from neutral axis to the extreme fiber. 

I « moment of inertia. 

6 =« a constant depending upon the condition of column ends, , 

P hPAc 

The direct stress /i and the bending stress ft = -y— from the common flexure 


formula (see Fig. 104). 
Since/ »/i +/? 


/ - I\hPAc 
^ " AI 


( 1 ) 


f 


Now it can be shown by the theory of flexure that 

^ ^ aiL^ 
c 

in which L ■■ length of the column and ai = a constant depending upon /2 and E. 
Substituting in (1), 

. P , ha^Pl^ 

A / 

But I « Ar* (r =» least radius of gyration). 






i .4 




Fia. 104. 


( 2 ) 


in which a is a constant contingent upon the factors which influence h and at. 
The allowable intensity of stress, p, over the column section will be 

V - 


A 


1 + “7! 


(3) 


Formulas of the Gordon type are used qmte extensively in building specifications and codes, 
lliose in use, however, do not all have the same values for / and o. A change of condition of the 
column ends produces a change in the constant, ^^a,” ai> is evident from the derivation d the 
formula. Care shotdd be exercised in selecting a formula which shall be applicable 
the column under mvestigatlAu. 



62 


HANDBOOK OF BUILDING CONSTRUCTION 


(Sec. 1 94 


94. Straight-line Formula.—'fho Rtraight-line foriiuila has boon iwcd because of tiie sim¬ 
plicity of its application and because it can be made to coincide very closely with the results of 
tests of columns having usual values of L/r, The equation is empirical and has the general 
form 


in which / = maximum allowable compressive strength of the material, and m = a constant. 

If the equation is made to coincide very closely with the values of safe stresses found by 
experiment in columns within the usual range of X/r, it will give large stresses for low values of 
L/r unless some limitation be placed upon L/r, and consequently upon the allowable unit 
stresses. A number of the column formulas in general use fix this maximum allowable stress 
for low ratios of L/r and also fix a maximum ratio of L/r. 

96. Parabolic Formula.—The parabolic type of formula has been introduced to correct 
the large values of unit stresses allowed by the straight^ine formula for very low or high ratios 
of L/r, and at the same time give a continuous equation. The equation is also empirical and 
has the general form 


P 




n 


(L)g 

(r)2 


in which n is an empirical constant. The curve given by the formula is a parabola with the 
origin on the stress axis at/. Some of the recently adopted specifications, notably that of the 
Engineering Institute of Canada, have embodied this type of column formula. 

96. Formulas in General Use.—Formulas of either the straight-line or Gordon type are 
usually embodied in specifications and building codes. Both arc found in specifications for 
stresses in structural steel and cast iron but the straight-line formula alone seems to be univer¬ 
sally used in specifications for stresses in timber columns. 

97. Steel Column Formulas.—A diagram of the allowed unit stresses for stmctural-steel 
columns as given by the principal column formulas which have received general sanction among 
engineers is shown in Kg. 105, given by C. E. Fowler, Eng. News-Rec., Feb. 13, 1919. The 
formulas graphically represented are as follows: 


Am. B. 

V R. E A. 

A. R. E. A. 1919 

E. 1. C. 

F. , 1893 

F., 1919 (Cl. A.) 

F. , 1919 (Cl. B.) 
McK-F. 

N. Y. (Old) 

B. 

G. 

P. 


v\m. Bridge Co. 

Am. Ry. Eng. Assn 
Am. Ry. PJng. Assn, proposed 
Eng. Inst. Canada 
Fowler’s Spec. 1893 
Fowler’s Spec. 1919 
Fowler’s Spec. 1919 
Fowler, mod. by McKibbon 
New York Bldg. Code (Old) 
Boston Bldg. Code 
Gordon Formula 
Philadelphia 


19,000 - lOOL/r 
16,000 - 70L/r 
13,000 - 0.26(L/r)* 
12,000 - 0 :i(L/r)^ 

12,.500 - 4lHL/r 
15,000 - mi/r 
20,000 ~ fiOL/r 
12,500 - 50L/r 
16,200 - 58L/r 
16,000/1 + L9/20,(mr9 
12,500/1 + I,V36,000r» 
16,260/1 + LVlbOOOr’ 


The limitations of the formulas as to maximum unit stresses and maximum values of L/r 
are shown by the diagram. All of the formulas lie in a diagonal zone, the upper limit of which 
is 18,000 — 6QL/r and the lower limit of which is 12,000 — 60L/r with the exception of Fowler^s 
1919 (Cl.B.). The average of the zone would be 16,000 — fiOL/r, which is the formula that has 
been adopted in a 1919 edition of General Specifications for Steel Roofs and Buildings” by 
C. E. Fowler, The A, R .E. A. formula, 16,000 — 70L/r, with a maximum stress of 14,000 lb. 
per sq. in, and maximum limit of L/r at 120 has received very wide sanction in building codes, 
being found in the codes of New York, Detroit, Chicago, St. Louis, and Seattle. 

The formula for steel columns recommended by the American Institute of Steel Con¬ 
struction (1923), and now in general use, is 

„ 18,000 

P -i. 

^ 1 j-£- 

^ 18,000r» 

K. tvfbirirytiim itntf afrAas o+ » AO ««§ 14 flAO IK ttr* ^*4 1 ^ 
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lUastratiTe IVobletii*~De8ign a 25-ft. channel column for a total load of 300,000 lb. Lattice bare will contieet 
channala and prevent them from bending separately. Use the straight hne formula 

p - 16,000 - 70 5 

, , 300,000 

A tnal section should first be determined by assuming p 12,000 lb. This gives a trial area of ** 

25 sq. in., which may be furnished by the use*of two 15-in. channels at 45 lb. having a total area of 26.48 sq. in. 
The ladius of gyration for one channel about an axis perpendicular to the web is 6.32 in., hence the allowable 
value of 

p - 16,000 - 70 - “ 12,050 lb. ^ 

300 000 

The aotual unit stress for this sise of channel equals *26 *48' “ 11.330 lb. Thus tlxe column would be well on the 
safe side and may possibly be decreased in sise. Try a 15-in. channel at 40 lb. The allowable value of 

p - 16,000 - 70 - 12,160 lb. 

5 44 

300 000 

The aotual unit stress would be ~23^52 12,300; hence, these channels are a little too small and the Ifi-in. 

45-lb. channels should be chosen. These should be placed to give the column equal strength in the two 
directions~-that is, by making the radius of gyration about one axis equal to that about the other axis 

98. Cast-iron Column Formulas.—The most commonly used formulas for allowable 
stresses in cast-iron columns are of the straight-line type. The Chicago and Seattle building 
codes specify an allowable unit stress of 10,000 — 6QL/r lb. per sq. in. with a maximum value 
of L/t at 70. The New York and Boston building codes specify an allowable unit stress of 
11,300 — 30L/r, with a maximum value of L/r at 70. The Philadelphia code specifies an 
allowable unit stress of 11,670/(1 + LV400d2) lb. per sq. in.—in which d is the least dimension 
in inches, and also specifies a maximum length of 20d. 

99. Timber Column Formulas.—The formulas of building codes of the principal cities for 
timber columns vary for the same and for different kinds of timber. Some of the cities, notably 
Philadephia, St. Paul, and Seattle, how'ever, use the same formula for long leaf yellow pine, 
white pine, Norway pine, spruce, oak, chestnut, hemlock, and locust. A comprehensive re¬ 
view of these building code stresses revised to 1913 will be found in the “ Cambria Steeps hand¬ 
book. A safe formula for timber columns is 1000 — 12L/d which will give a safety factor of 
about 6 for most kinds of timber. The formula specified in the Seattle Building code is 
C (1 — L/70d), in which C = the allowable compressive stress in pounds per square inch, with 
the grain, for the wood used, and d - least cross-sectional dimension of column in inches. 


BENDING AND DIRECT STRESS—WOOD AND STEEL 

By Clyde T. Morris 

100. GeneraL —Tension and compression members are frequently submitted to bending 
stresses in addition to the axial stress. This bending may be due to transverse loads on the 
member or to the eccentricity of the longitudinal load, or to both. 

The resulting maximum unit stress in the member may be said to be composed of three 
parts, that due to the direct axial load, that due to the transverse bending moment, and that 
due to the eccentricity of the axial load caused by the deflection of the member. 

The deflection of the member in turn is caused both by the 
^ f I n ^ transverse load and by the eccentricity of the axial load due to 

I _J this deflection. This is illustrated in Fig. 106. 

PiQ. 106. 101. Bending Due to Transverse Loads Only. —An apjMroxi- 

mate value for the maximum unit stress may be obtained by 
neglecting that part of the bending moment caused by the eccentricity of the axial load due 
to the deflection. In this case 



M is the moment due to the transverse loads only. This gives sufficiently acourate 
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This may bo obtained by adding to the bending momoott, the effect of the deffeetton do* to 
transrerse load* The deflection due to transverse load is 

^ KEI ^ ~ M - —- 

in which/i is the fiber stress due to fiexure only, and K and q are constants depending upon the 
fixity of the ends of the member and the character of the loading. From these we get 

KEc 

The total bending moment = M ± Pa and /i = Substituting in this the valuf* 

for A and solving for/i we get 

. Me 

Calling ^ ^ adding the effect of the direct axial load, we get 


Me 


I ± 


CPL^ 

E 


( 2 ) 


In the denominator of the second term of eq. (2), the minus sign should be used for 
compression members and the plus sign for tension members. The moment of inertia used, 
should be calculated for an axis perpendicular to the plane of the bending. Values for the con¬ 
stant C are given below. 


For pin ends, concentrated load. 

For pin ends, uniform load 

For one pin and one fixed end, concentrated load 

For one pin and one fixed end, uniform load 

For both ends fixed, concentrated load ... 

For both ends fixed, uniform load 


4 

’ 48 
40 
384 


33.54 

1 


at center. 


at end 


use I 

““To 

1 

1 


20.12 

128 

■ . "“iS 

C- A.tend... . use A 

“ 192."" r4 

rr 24 ^ ^ I 

“ ooT CDIltlT . use r-* 

o84 lO 

/V 12 ^ , 1 

C-^gjatend. - 


The fixed end condition is seldom realized in practice and this assumption should be made 
only after careful investigation of the actual end conditions. For this reason many engineers 
use C » all cases of combined transverse bending and 

direct stress. 

XUuatrative Froblem.—Fig. 107 shows a part of the top chord or rafter of 
a roof truss which carries purlin loads between the panel points in addition to 
Its direct stress as a member of the truss. 

The rafter is composed of 2 angles 6 X 3H X Ht with the long legs verti¬ 
cal. Since the rafter is continuous over the panel points, there will be a nega¬ 
tive moment at the panel points and a positive moment midway between under 
the purlin load* £aoh of these may be taken as equal to Ho of the moment 
in a simple beam similarly loaded. 

The direct compression as a member of the truss, P 47,000 lb. 

The weight of ^ member per horisontal foot, w » 34.3 lb. 

The moments, considering the member as a simple beam, are: 

(34.3)(10>* 

v 



430 ft.-Jb. 


Moment due to weight 

o 

/OATkAX/mX 

7500 ft.-lb. 

Total simple beam moment 7030 ft.-lb. 


fSOOOUlO) 

Moment due to purlin load • —^ - 
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Continuous beam moment (Ho)(7930) 
From equation (1) 


At the panel point, / 


At the mid span, / 


From equation (2) 


At the panel point, / 


At the luid span, / 


• 6344 ft,.lb. - 70,130 in,-lb. 

47.000 (76,130)(3 92) 

9.00 33.18 

5220 + 8990 - 14,210 lb. per sq. in. 
47,000 (76,130)(2.08) 

9 00 33.18 

5220 + 4770 « 9990 lb. per sq. in. 


47^(^ 

■9.00 


33 18 


(76.130)(3.92) __ 

~(47,d00")(n 2)2(12)* 


(20) (30,000,000) 

5220 + 10,500 = J 5,720 lb. per sq. in. 
47.000 
“ 9 00 


5220 -f 


(7G,130)(2 08) 
ift ~ (47.(')()b)(1 1 .2)*(12) 
(17)(30,000,000) 
(76,130) (2.08) 


27 59 

5220 -f 5740 = 10,960 lb per sq. in. 


Note that those values of (’ in equation (2) have been used for a member with one pin end and one fixed end. 
This is probably on the safe side, but the conneetion at “a” is not sufficient to fix that end of the member. Due 
to the continuity of the member at ” B,'* and the purlin load in the panel beyond, it is probably safe to consider 

the member as fixed there. Note that "c" in each case is the distance 
from the center of gravity of the section to the compression side of the 
member. 

The maximum fiber stress “/" should not exceed that given by the 
column formula of the specifications being used. 

Xilustrative Problem.—Fig. 108 shows a tension member of a roof 
truss which is subject to bending due to its own weight. It is com¬ 
posed of 2 angles 3H X X He- 
The direct tension in the member, P «= 36,000 lb. 

The weight of the member per foot, to =« 14.4 lb 

The bending moment, M ^q ilL = 225 ft.-lb. « 2700 in.-lb. 

The net area of the member, A »= 4 18 — 2(H)(H6) •= 3 03 sq. in. 

From equation (1) 



At the panel point, / 


At the mid span, / 


36,000 (2700)(2 51) 

3 63" 4 9 

9920 + 1380 = 11,3001b. per sq. in. 
36,000 (2700) (0 99) 

3 63 4 9 

9920 -f 540 «= 10,460 lb. per sq. in. 


From equation (2) 


At the panel point, / 


At the mid span, / 


^,000 

' 4.9 + 

9920 + 1180 » 
36,000 . 

3.63 


49 + 


(2700) (2.51) 
(36,000)d2 6)*(12)* 
(321(30.000,000)' 
11,100 lb per sq. in. 
(2700) (0.99) 
(36,()00)(12.5)*(12)» 


9920 -b 410 ■ 


(16)(30,000,000) 
10,330 lb. per sq. in 


In ease any load is suspended from the member between panel points, its moment 
should be added to that due to the weight of the member. 

nittstrative Problem.—^Fig. 109 shows a building column which is subject to bending 
stress under wind loads, due to the thrust of the knee brace. 

The total direct load on the column, P » 62,000 lb. 

The bending moment, M « 1,200,000 in.-lb. 

A - 26.00 sq. in / -= 854 

From equation (1) 

62,000 (1,200,000)(7.12) 

^ “ 26.00 ■ 854 

2390 + 10,000 *- 12,390 lb. per sq. in. 

From equation (2) 


/ 


62,000 
26 00 


2390 1 


(1,200,000)(7.12) 

HK4 - (6g>000)(20)*( 12)* 

(12)(30.000,000) 
(1,200,000)(7.12) 

844 


2390 -b 10,120 - 12,510 lb. per sq. in. 
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102. Eccentrically Loaded Columns.—Whpn the bending moment on a column is oaueed 
by the column load, or a pari of it, being applied away from the axis of the column^ the column 
is said to be eccentrically loaded. This bending moment may be treated similar to that causeii 
by transverse loads, and approximate results obtained by the use of eqs. (1) and (2). 

If the entire bending moment is due to eccentric loading, theoretically exact results may 
be obtained by the use of the equation 


in which K - cos (28.65 


L I V ^ 
ryAE^‘ 


f- 


P 

A 


Me 

KJ 




Values of K for pin ends are given by the curves in the 


diagram, Fig. 110. If conditions are such as to warrant the assumption of fixed ends, 
may be used in determining the value of - to use in Fig. 110. 

1.0 

.9 


.8 


.7 


V 


.3 


2 

.1 

0 



HL 


0 eo 40 60 80 100 120 140 160 180 200 

Values of F 

Fiq. XIO.—l^se for ecrontrirally loaded r^olumns with pin ends. For columns with fixed ends use HL in deter** 

mining^ • 


The radius of gyration should be taken about an axis normal to the plane of bending. This 

may not give the greatest value of ~ which should be used in the column formula for determining 

r 

the allowed unit stress. 


lUttstratlTe Problem.—Fig. Ill shows a building column to which floor beams are connected unsymmetricallyT 
oauaing an eccentric load on the column. If the beams are riveted to the column in addition to resting on shell 
angles, it is safe to assume that the load is applied at the face of the column. The deflection of the shelf ang^ 
would probably be sufficient to bring the center of pressure very near to the face of the column in any ease. 

The total load. P » 90.000 -f 32.000 + 32,000 + 40,000 « 194.000 lb. 

The bending moment. Af - (40,000) (5H) - 236,000 in.-lb. 







68 


HANDBOOK OF BUILDING CONSTRUCTION 


[S«c. 1-103 


Fiom equation (1) 



From equation (2) 


From equation (3) 


<235,000) (6.875) 

^ 499.0 

- 10,210 + 2760 « 

m.ouo_j 

499.0 

10,210 + 2900 - ] 


B* 12,970 lb per wi. in. 

(235.000)(6.875) 

(194 000)(ie)*(12)« 
(10)(30,000,000) 
13,110 lb per sq. in. 


a s ^ „ 3q 

I r 5.13 

W /T » 0 935 (from Fig. 110) 

5 ^ ^ 194,000 (235,000) (5 875) 

g “ lOOO"^ (0 935) (499 0) 

j j ^ « 10,210 + 2960 - 13,170 lb. per sq. in. 

ft I _ llliistratiTe Problem.—A wooden column 12 in. square supports a concentric load of 

^ 70,000 lb. and an eccentric load of 15,000 lb acting at 4 in from the face of the column. 

^ j* * Compute the maximum stress on the column. 

M i The total load. P - 70,000 4* 15,000 - 85,000 lb. 

The bending moment, M » (15,000) (10) « 150,000 in.-lb. 

Pia. 111. From equation (1) 

/ 85,000 (ISO.OOOKe) 

^ " 144 ' 1728 ' " 

- 590 + 520 » 1110 lb. per sq in 

Since the value of j ** usually small for wooden columns, the value of /, if computed by cqs. (2) and (3), 
will be practically the same as obtained above. This indicates that the deflection is small. 


BENDING AND DIRECT STRESS—CONCRETE AND REINFORCED CONCRETE 

By Georgs A. Hool 

108. Theory in General.—If a beam is acted upon by forces which are all normal to its 
length, then the stresses resulting are due to simple bending. If, however, any of the forces 
acting throughout the length of a beam be inclined, or if additional forces be applied at the ends, 
then our beam formulas for simple bending will not apply. Likewise, in columns, if the load 
be eccentrically applied or if lateral pressure be exerted, both bending and direct stresses will 
result and the ordinary column formulas cannot be used except to give approximate results when 
the amount of bending is small. 

The same combination of stresses occurs also in arch rings and may occur in special cases 
The formulas to be derived can be employed in any type of reinforced-concrete structure 
provided the normal component of the resultant thrust on the given section acts with a lever 
arm about the center of gravity of the section. In long beams and columns, the deflection 
resulting from flexure should be given consideration when determining the eccentricity of the 
axial and inclined forces. 

Let us first consider structures of plain concrete. The dis¬ 
tribution of pressure on any section due to a resultant pressure 
acting at different points will be explained. Consider a section 
represented in projection by EF, Fig. 112. When the resultant zk 
I t acts at the center of gravity 0, the intensity of stress is uniform 
over the section and is equal to the vertical component of R divided 
N 

by the area of section, or UR acts at any other jioint, as Q, 

and if the pro|eotion of the section is taken such that the distance 

represents the true lever arm of N ihout the center of gravity, Fxo. nu, 

then the force N is equivalent to an equal AT at 0 and a couple 

whose moment is The intensity of theuntfonnly varying stress due to this bending moment 

at a distance x from O is (by the common flexure formula for homogeneous beams) in 

I ^ 





Sec. 1-103] 


ELEMENTS OF STRUCTURAL THEORY 


which I is the moment of inertia of the section about an axis through O at right anglcMi ^ 
plane of the paper. At the edges E and F this intensity « —^ Regarding oomprettri-ve 
and tensile stresses as positive and negative respectively, the intensity of stress at edga S is 


/ _ I NxoXi 


At edge F it is 

f,_N Nxq Xi 
/ 

If the stress comes out minus, the value obtained is the maximum tension as shown in Fig- 
113. In plain concrete construction a greater tension than about 60 lb. per sq. in. should not 
be allowed. 

When we come to reinforced concrete, which is composed of two materials (concrete and 
steel) with different values of Ef then the -^teel area at any given cross section may be replaced 
by an area of concrete equal to n times the area of the steel, placed in the plane of the steel 
reinforcement. This section may be called the transformed section, or section of concrete 
theoretically equivalent in resistance to the actual 
section. Under this heading rectangular sections only 

will be considered and Fig. 114 represents a transformed ji 

section as referred to above. i 

Thus, if Ac is the area of the concrete, and A© is the ^ ■ 

area of the steel « A, + A'; then the equivalent area r .^. 

A « Ac + nAo — ht + n{A, -f A') (1 




^stael-A*^ 


-- 

Q 


•>wx 


Q p SVJI^iorjr ^ I 

<•.*1 .->j<--X, -. 


^xCenterof 
^ gravity. 


-d 


If /c is the moment of inertia of the concrete about the gravity axis, and /«is the moment of 
inertia of the steel about the same axis, then 

/ » /« + nL 
and 

(/.) ^ _Ji _ (4-) Nx^i 

(//) Ac + nAo ( - ) /r -f nh 

A A' 

If we denote p and p' by and respectively, then the distance from the face most 
highly stressed to the center of gravity of the transformed section is (by moments) 


bt^ 4- nA.d + nA'd' 


^ + nA.d 4 nA'd' 


t/2 4 npd 4 npV 
1 4 np 4 np' 


“ A 4- n(A, 4 A') 14 np - 

/. - + HHt - «)* = ![«’ + (' - «)•] 

I. - AM - «)* + A'(m - d'y 

I <m I, nl, “ I + (t — M)’j + nA,(d — u)* + nA'iu — 

If tiifi r^aforcement is symmetrioal, then « “ and 

I s 4 . 2HA.(Ht - d')* = Habl’‘ + 2njAt {Ht - d')* 





70 


HANDBOOK OF BUILDING CONSTRUCTION 


[Sec. 1-104 





Since, -A » fe# -f n(A. -h A') = 6/ -h 2nht{p *f p') 

(/.) N (+) iVatoy 

^ ~ bt + nbi{p + p') (—) M 2 ^“ + 2npbl — rf')® 

104. Compression Ovei the Whole Section (Case I).—The formulas developed in pre¬ 
ceding article apply when the stress is either compression over the entire section, or when 

_ there is compression over a portion of the section with a tension 

over the remainder not exceeding the allowable tensile stress in 
the concrete. The fonnulas we shall use will apply to rec- 
V tangular sections with symmetrical reinforcement and are given 
in the following form for convenience, letting po denote the 
quantity p +p': 

(fc) _i_ (+)_ Qxot (1) 

(//) ht Ll + npo + l2npor^] (2) 

By referring to Fig. 115 it will be clear that the stress in the 
si cel is always less than n Xfet thus, if fc is kept within its 
allowable value, the steel is sure to be safely stressed. 

Eq. 2 gives a means of determining the eccentricity of the 
resultant force, or a*o, for which there can be neither tension nor 
compression at the surface opposite to that near which the 
thrust acts. To obtain the value of x© which gives a zero value 
to /e', equate the two terms within the brackets, and solve. 

Fig. 115 _1_ _ 

1 4" n(p -f ;/) P -h 12npor^ 
or 

... - 1 . . 

" 1 + n(p 4 - P') " W 

If H is assumed to be 15, and, if the steel is embedded in the concrete one-tenth of the 
total depth from each surface so that 2r = eq. (3) becomes 

_ 1 d" 28.8/>o . . 

t 0 -{- 90/>o ' ^ 

If the values n => 15 and 2r = are substituted in eq. (1), this equation becomes 
. iVr 1 . a:o 0 1 


I 

■ 


6/Ll+15/^o^« 

or if the expression in the brackets is denoted by K, 

.NK 
~ U 


1 + 28.8po. 


Diagrams 1 to 3 inclusive give values of K for various values of po, -r* T' 

m t t 

n » 15. The termination of the curves are determined in Diagram 2 by eq. (4) and in the other 
diagrams by similar equations. For greater values of y* Case I does not apply; that is, there 

is tension in the concrete and Case II must be employed. 

105. Tension Over Part of Section (Case II).—It will be on the safe side and convenient 
as regards the construction of working diagrams to consider that, when any tension exists in 
the concrete, the steel carries all tensile stresses. In this case there are three unit stresses 
to be determined; namely, maximum unit compression in concrete/<, maximum unit compres¬ 
sion in steel//, and maximum unit tension in steel/,. The general formulas developed in Art« 
103 are not applicable to this case and the following method may be used: 





Bbmbino and Direct Stress—Compression Over Whole Section. 
Based on n = 15 and A* = A^. 
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"■"""I 

■I k« Mk a «l ■ M Hi Ml M H ■ ■ ■ M M M Si ■ M M M M ■ HIM ■ I 
^ «■ ■■IMM ■■iHHHiaHaiaiMHIM ■■■ I 

■■iMMiaMHaiHMaiM ■■ 

a:« wW RV RRM 

lS^Rk^R!«a:Rk^Bk«k:iRmWARRk’l«a^R«»C«K^k'lk'lkl|k>l!<IHMHHMHaiHi| 

£R^5^KRK<n3ia^«k^KRt;:iamM£ia^^ik«RcikN^wfwi^va'NiBiBia 

■jiR:^RRtjMRKm^a>RWRR^kiRRR.iikiikia?a:Riirv;RRa?aikik’i.%’yiw 

:«»Ra'Ra^Rk^K«k^R*«K'||Mi:iiRRRk^K^a:R».Rk^ik^^^iiNk^k'i.%va^i.'^r<iH 

K«iK'Rk'^R^Kfiii:«R:iik'*M^HiNiKik'KRRk^k^k'^K»'««ikmwii:i:*kii.^Aik''r 

■k^Rk^RliRRIk^H:«a:«kl|RiiknKRR,.^k^VR«.^3ikVklk^k«ik.^ak'«kV^%Vk:iklA 

.'«H:«BkRa'«ii:^n.ii»;«ik^ak'R»A.Rk'<iK<ik'«i:«kiik^a'4:RRmmmmm'a:aikV^.ma' 

■k'tHk^Mk^R^akRk^HiMK'aii^a'MMkvikm^k^kia^a^a.mmmma.ma.'a.'kik'i^mm.' 
i:^Hk^R :«KRa? rii^r:! KRiKK'mK'RRiN^^KRRw'ik^k^Mk^k^ kMkikik^!.'«% aiki 

VUk'RK'llk^Rk^BkVKRlC^RRIk^iaRMKViw^k^'RR^^k'lk^k'^Ma'lk^Mklk'lkUWk^ 

-i.^R:iMKRK«HkNR;:«ikRiNKiMKRRk^vikR:«k^k^vik^a:«a^ft3kiik:^k^kii:%a' 

. :'Hk'Rk^Rk'iMw'«RRik:Hk^R:«k:<ia^iR»k'ik:>ai«.^k^k?ik<ik^k^a«ik'a<k^k^k^k^.% 

-k R « k? ■;:«i5 K R »kiM k^ a'» a' Ik a- a? M k'^ k'l k'« 

■ kiBk Rk^ KR:«» a* a » R R;:«kUk'i k«kv kH.a m a 
i:R:«»ikRk^KRRkak'^ik'«k:«a'aaaRVk?kiki 
■k<IKR.'flk''RRk'ia«KRRNIkakfklk'1klklkawa% 
-■.^K*RRkak^k''a'a'aRmma'aa«k^ 


■k^RklRik^Hk^l 


■ k^M 


■ I^RIk«Hk«Rk^Rk^R;^ 

■R^Rk^Hk^Hk^RkVS 


■a*RRi^aRk«a'i 


hMKRK^IR^ia'RaVKRk^KRkNI^KV 


k^RI^RKillh;?! 


■K^R.:?tikRk^a 


I .a ka kiki k^k^ kikiki a | 

:^a'RRR»R.aR%'a*t 

-•3i.a^La.^»aa| 


■i;:«RkiHkiHkiR>:^Rk'iis 


■K'R.'aKRlNKR^k^KRRk^klk'a:Kak'Ka'VI 


■ RRKR aRlk-'Riaa 

_ CRKRIk'Rk'^Ri:iR;:^ 
Ik^Rk^Rk^RklRk^R^nB 


■k^R^aKR^ik^a'i 


i.ak'<fk«k'«kik'«ka| 


■k<ik^k:«a'a%;a« 


■ik^R^kva'R.RkVk'a'i 


■kUk^k^kik^k^kil 


■^kikik^k^va^k^l 


k'RRi;nRk^Ra«RI^RIk<Rh:«Rk^l 

■a'RR?lR:<«Rfi«lR^R^WC!«R?l 


■;ai:!«^k^kik'«| 




k. V K* ■■ ak «i » Mk'V k.'^ V ik' IM'W-v W 

■k'Ri;?iR.Rk?RNik''RRK'R'RNik^a'a^a:ik!k' 

-^k^a»ai|kRkak^«k^| 

iia <«■ k'li k^ la.'m m m I 


■k;«iHk?Rii?Rk:^R;:«R^ 


■ KiR^Bk:* R.Rk^R Rina 




■a<RknRniKRk^iki 


■k^KRkna^a'a'I 


llinMknRk<IR^B 


i^r:^ 

■feSI^.^ 


■knRik?<Rfc:«l 


h]Ra 
i^R 
in a 


’aRk^lRRIkRkna 


■ in RkirtMij^Bi .;:<«■ 


_■a'Rna'R^^k^B 

k R a: R a« R R k:* R R k: 
IRRKRinRiRk^akl 


hiRKRknRRk:!*ar 
IRRIkRinRn^ ^ 
kRIkRk^Rk^a 


iiSIRIklRRRRinR^RRI 


■inRhnRinRRai 


«. 8 

M JO tfn|S|\ 













Diagram 3 

BfiNDura AND Dirbct Stress—Compression Over Whole Section. 
Baaed on n >= 15 and A*= A*. 
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Heferring to Mg. 116, it follows that 

//..4-D 



.ind 


/. 




(7) 

( 8 ) 


Since the resultant fiber stress ecjuals N 

f/pM .fchkt LpoH 


N - 


Fig 116 


Eliminating/a' and/, by means of cq. (7) and (8) 

^ _fM A-2 -f 2npok — wpo 

2 ‘ k 

fM . k' -f 2nkpo — npQ 
■“2 k 

I'he moment of the stresses about the gravity axis, eliminating/,' 
and /a as before, is 


(fi) 


M -=fcbC 


-jV3-2A)] 


L kt^ 

or, if the quantity within the brackets is designated by L, then 

M 


M or/. - 


Lhr- 


( 10 ) 


( 11 ) 


'rhe position of the neutral axis must be determined Ix^fore eq. (11) can be used. Since 
Nxo « My we may multiply eq. (9) by .r© and equate it to eq. (10). Proceeding in this manner 
the following equation results 


- 3^J'2 ~ + ijnpok -® == -f 2^^ 


( 12 ) 


Diagrams 4, 5 and 6, based on eq, (12), give values of k for various value.s of po, and 

and for n = 15. Diagram 7 gives values of L. 

The method of procedure in solving problems under Case 11 is as follows: (1) Determine k 
from the proper diagram; (2) find L from Diagram 7; (3) solve cq. (11) for fc) (4) find unit, 
stress^ in the steel from eqs. (7) and (8). 


Illustrative Problem.—A beam w 9 in. wide and 20 m doep 'J'lic reiufoK emoni both above and below 
consists of one steel rod 1 in in diameter embedded at a depth of 2 in At a ceitain section, tlie normal component 
of the resultant force is 60,000 lb , acting at a distance of 3 4 m from the gravity axis Assume n «» 16. Compute 
the maximum unit compressive stress in the concrete 

(2)(0 7854) 

(9) (20) 
ro 3 4 
< “ 20 


Am + A' 


0 0087 


0.17 


For these values of po and y, Diagram 2 gives K 


1 70 and shows that the problem falls under Case 1. 


Then by eq. (6) 


, NK (60,000)(170) ^ „ 

-- 5„7 lb p«r.q >n 


Illustrative Problem.—Change the eecentnerty of the preceding problem to 6 in and solve 

a"o ^ 6 

t “ 20 “ 


0 30 


For po 0.00S7 and 


Jfo 


0 30, Diagram 2 shows that - is too great for the problem to come under Case 


L The method of procedure for Case II must then be followed. 


Diagram 6 gives k 
7 shows L to be 0 123 


0.73 for the values of />o and — gnen above 


With k « 0.73 and p« « 0.0087, Diagram 


Solving equation (11) 

/ <60>0 00>CU> 

ibP ** (0 123)l9)(20)^ “ “ ^ 


Diagram 4 

Bending and Direct Stress—Tension Over Part of Section. 
Ba43ed on n = 15 and A' = At. 
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^ ^ MAIOA 


g S 8 8 8 I • 

M JO MAIOA 


values of 5* 







Bsni>inq anb Direct Stress—Tension Over Part of Section. 
Based onn== 15 and A* ^ A». 
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lkZ»f«l2Wk9IKIk<liSk»:ik^klinkl0i11\V.V.VIt 

£nk»kfiksii«ki«i»2iksi!i^k!i:ki^»mnuu 

l||ii!i|kZti;?l««k»M(!lfk5Kk!lflk?li:k'lftUVimi\) 

lk'!I^Miak'PI2li;!IKPIiPSIEii«Pi3jEV0k^^A\S& 

ii:!l|MliSliliEISI29iii«a2V9!E0Ei>V«\!f 

t:!ik:ilk!ki!k!«:!liaSPi<l!«»E«E«E!ii\^i 


H ^ mm 



*fi if rnm 




^otuef of ^ 



UlAGRAM 6 

Bsndino and Direct Stress—Tension Over Part of Section. 
Based on n * 15 and A* = At. 
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Bending and 
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imai^a^iBak'ak^BkYakiaK^ak^akaaL'^akaa:«awaa;aac<Ba.'«acaak.''akiawakak:'aw^Bavaak'BamB.'iBaaaa^^Maaia 

i'BkiBik'Biii.iiiiiiiaBaiak''aifik''BBiik*ma^ia9ii:»»:'ik'Kk:Bwa.^Bv'^Bik3Bak^Ba>ir.yBBiiiPU|iBBa 

ikia.iBBUBkiB.iBiaaaia.iBk'BaaBk?a»Bak:BBk^BaaBk?BB.'«Bk:iBk^Bk:Bkat?B^aiBBiak.iJ^BkBBBByL^aBBiB 

lUBI^a.1BBi'BkByByBk'Bk-BBvlBaaBt:^Bk«Bk'BBOBK.BBIJBBk^BkBBk'Bk'Bk'Bk^klkBBk!Bii^^BB.lBBB|5ft^BBBB 

kB.iaik'BklBklfllB.BBlBklBk^aklBkBBi^BkiBk^BBw^Bk.'IBkZBB^BkilBk'Bkak'B^kBkaBkl^jIk^BkBIBlMllBBI 

ilk'B»BlkBkBk'akBk:BBlB.^BklBk:'BB.BBk:aBi;«BBk?BB:iBklB^«k!IBklkl£i;^kak''BIAUkiBlBilBB||Bl**** 

akiaikByB^iaiiBviai'iBiiBk:BkaBk''BBk^BkaBk:flBifBBi;;iB9BkMKaBMk;ikak:Bak'Bk'<^Bk'<BkBk«B^BilBli 

IkBklBiiaikBkBklklilBklBWBBk^BB^BkBBkBBkaBkaB^Ba^BklB^BklKBk^anii^BjmBB.lBnBilBmilaBII 

klBillikBl^BJIlklBk^BklBk'BafBklBBk^BB.lBkBBklBKlBk^B^iflk^IBkBB^BkfkB^aw^lBil^Bk'akBilBIBBBIBII 

ili'BitB.lkaklkflBlB.lB^IBk'BBk^BB.'^flB.^BkMklBkMB^akaiifBB^Bi^Bkaka^^^VBBBBi'IBkllllBlBIBIBII 

■i1BlkBk'Bi1B^1Bk1Bk'BkBkaBk'«BB.'«Ba.'1BB?IBk.'«BkaBII?«BBi.^ak:BBk;aanBCaklk»\«jk«OBkBk«kBkaBB8BBBaa 

k!BliBk'BklBklBk1ak'<BkiB.'IBk'<BBnBk!lak7<BB^BB^BB^aBklBk!B■W:«B;^Bk?Bka^J<v^!lk1k^kBBBB.t■lklBBBBBB■ 

iil\Bi1BiaiklllBlBk^flilB.^flBBBBBBI.^BB^BBli:iBk«Bk9BB:«BkBB^Bk!»^:\^ll?kli:ik^k'BkBkBk;Bk1BIBIBBI 

lifkll'ak'Bk^Bkiak''Bi:BB.^IkBa.^BklBB.BBBC«BBk:iBK!lflB9BB^«li:BBriB£B(^.aklk^kl.'l.tk'<Bk1BkiBJBllBBBBB 

( lkB11BBB1BlBaB.BBk'^akBBk^BklBkaBk?<BBi?aBkBBBk?BB^aBkBBk'^Bi?a^:(^1kak;ii.'^k'kkB8BaBlVBllBaBBaB 
k>ai1kBk'Bk'BktBk^Bk'BBlBk'BBklBklBk!BBB?BBk:^BB3lBBkaBK!«Bk?aB:!<BI^-^k.^BBk;i.lk^VVklk'lkB.'lklBBBBI 
BlVBilB1BiaiBlBk'<IBk:BBk.^BB:«BKlBkaBBi9aak!«BaiCBBa9lBai9BBi?lBk:i^^k8Bv^k«k:i^w^k'1k1k1Btia.BCBilBiBaB 

lk1BlkflklBk'Bk)BkBilBk1Bi.^BBllKia»BBlSlBli9BaK9BBlSaB£lBkn&^91?B;Bklk:'kll^!l.'1llklJIIIIII 

•klklBlBll1llli^lk:iB.^lkfBK!IIKBIB?lli9l»BII£«H;«li?Bf:^:*Bfiii?a9k!lk?i;i:kkklkB.Ulk1BBBI 

iai1kBk^BklBkBkBatBk^akaBklBkaBk8BBli?aBBt?BBk?BBa9BBkaBK.*^aBk:ik«k:B^klk''kk?kkH'Bt.tklBkBBBB 

kBk'BklBlBlB.^B.^ak'BB.^BkBBk'llB^BBI^BBkBBBKaBBlCaBBkBIB^E^a^Bk^kak'B^kl.^klk'lklLl.lkBk^ka.IBBB 

Bk'BVBiiBiBiBkiBk^Ba.BBkaakBBk'iBB»akaBBkBBaK9BBk;?BK|M^ia;«Bkv^Bk.^a^knk^kk%\kk'k'Bi^r 
ia.fBlkBk'Bk'aaBBv^BklBkBBl?BBkBBIlSBBB;9BBk3aBBiSBBBk^)i;aBk9BklB;9Bk:«^klklgk'kkH\'«,1k| 
rBkB»IJBia.lBk'BilBkBflMB^BBkBIBk'!iBBk!iBBkBBBaSBE^^5IBBi?illii:afe?Bl?lkB^kl!l.lk^k\\\i«JI _ 
■lBlBlkBkBilBk^Bh:flBk?BBk^BBk!aBk!«BBa2lBBa«BB£aBB^:;ifBkaBk?Bk?Bli:iklk^i:*K«B.lL^A%'k'<k^BBBli^B 
BklBk'Bl^B>lBi1Bk^BB.Bak^BB3BB9Bfl&lBBi^aBBlSBBBk!!IBBBMi^9aBBi:aBk'5ll£lk!lk»k:iii:<K«ll\VkV\iakT&l 

kBkiBkiBiiBkiBk^Bk«Bk*aB.'«flB.^BB^BBk?aBa:*aaBksiBBB^9iKH£aBBksaBk^ia?BiSBiiii:'k.'ii?h;k'k?k\'«viiikKkHik' 

fl.«BiakakBkaa.aBkiBBiiakiBa9iBflk?BBBii:aBBk7«BBBk9Bk^9fliBi£9BBki9aBki?Bisikakai:^k.'<ik^k?k^ki.'i\Mkitii 

■yBk1BillABklBVBB.lBB.lBklBB»flk«IBk:9BBBie^flBK|nBkSaBllkS!aBk9BBk:.ak?k5k.'Bl?B;^:«^A%V\>Bkim^B 

iVBlkBkBkBBlBk^BBlBkMkklBBi!BBk!IBBBlh:aBBBO*»aSaBBkZBBBkSaBh?Ba:*aCi£^k?ICl.^^AVk\>lklk« 

kBkWl1ll1flk^Bk:BilBklBkBBklBICa»SiBBBi:BBl^^BBBfi!iBBBiS!!PBBBSaik9Bk^kB£a9£k\%\a>BBkUkl 

B.IBakBkBBlBklBkBBk^BBk'lBkBBBkBBBk^BBBkSaM^SaBBBliSaBBkSailfiSIBliaB^BSkZB^^CkVkkWVIkll 

lkBk1Bi1Bk^Bk'Bklflk'Bli:<BBk:iBk?IBBk9BBBi:!IBB^9BBBBfti?aBBBii;9BBBli9BBSBBiS!ak:<i^klC1l?k;k'k\\k'BBillfl 

lB.lkflkBkfBv5flk'BBi.'tflBi:<flBkaBBi?BBBkaBBa^iMflkSaBBBBto?aaBaS9aBkS«Bi:BkSk^i^k«k^k^k\^MlBkl 

km'Bk1BklBk^BkBBk1Ba:iBB2»BBkBBBfi«BBB£lB^^aBBBBkiSPIBBBh7aBBkSaBiSBk»k?B:<k?kBkWAVkBli1 

■lBlkBiaB.1Bk^BB^BiliBnBBk^BBk!lBBBUaMBa£9BBBaBaS9aBBBkrB|Bib?lii!akBk:it?k'%«^.^Svik^Blk 

BkiBUBk.^Bk'^BkBBBBKlBkiBB:<BBIi;!'BBBk.aBKl»9BBBBBliS9BBBBBiiSaBBBkiZaili9Bk9k9kXi?k:kV\%Vi:<kll 

IBlBlkiBlBk^BklBkBBklBBi^BBBkBBBBi^amBhSBaBBBBkiZSaBBBkS^iBBk^ak^akSlkJk^k'W^kkk'k'ilik^B 

k'akiBkiaiiBk'Ba.8BvaBk?BakaBBi3BBBk:'Bi^ie.9aBBBBassaBBBBBBiiS9aaBBi:!>BBh;?aii;Bk9Ki^k?Ck:i'k\Mii 

BUI•lilai1lk'i■k1BII^!■■k«■Bk?IB■ft>^^aBkS!ilBflBa■ai:S«B■BBBBa^9BBkS9■k?•iS»k»^k:Ck^>^VIk' 

BV'Bnflkm^BilBk''BI3BB^BBK!IBIB^BB|^9aBBBBaSSaBBBBBBBBSZ!!aBIIBil5ailiSi|k9k9llk«:<i?k:Ck^SV\^l 

iBlkBBlB.^Bk'BI^^IBMBk?BBa?lBi^!<nBBkSaBBBBBiaiSS9aBBlBIBBfiS9BBBib91kSlBi:BSkK9^k\^i\V\\i 

k1Bk^Bk^aktBkBak^lilBB.^BBlSaBBli:Bi^9iBBBBBBZ5aBBBBBBBBaM5S5«BBIBaii:saBk5Bkak9k;%^v'1^^\k\\\'l 

kBaikBB.'«Bk1BklBkaik^BBklBBa-?nBBkSaBBBBBBliSZ9BBBBBIBBBBBBSS«BBBlk9ak9BSB^kB:i9Ai\V\>V 

BkBklBlBi1BkBlk'<8Bk«BB9BBi«;.OflBhSaBBBBBBliSS9aBBBiBBBaBBBBBB£=!*iBBliSBa£Bji:aiS?k99k^:kkk>\ 

JBk1Bk11k'^BilBk1IBk^BBk'lBB^Bi^SBIBBaS?aBBBBBBBBBBBS5===59aBBIBBBBBk:?akSak?knii;%:iL>i>Vk>\ 

k'akaBlBllk:il»i?llllkBIB^iniBBkSaBBBBBfiS5BBBflBBBIiaBIBBBBBBBBSS9aBBkh9BSBli;9:<kk^;%yk\\ 

BJBtlBk^Bk'BBk^fli«BB?IBBk9BkdSaBBiaS!PaiBBBBBBaiMSS=S====!=SS5!aaBBBBa»SBMk?«Sk?k:i^.Y\V\> 

lk'Bli'BB.lBi1Billk'iBB:BBBIt^nfK9BBBBBaS5aaiBBIlBBBaBBBBBBfllBBIIBaiSSPaBliSah;?k9i?k^>.\y\^ 

laiKIBkBilBkBBkBBBSB li^a BaBkgaBaaBBBaiSSSgggggggSSSSSgggSgiaBBBBafcgaaCPkPigkkYNVk^ 

VBVflklBxIBKIBk^BIklBBU^iliY^BBIBBSgaiBBBiaBBBBBBaBBaiflBBBBBlIBBBiBiSSaBikgBkZai^Y^- 

Bia.iaiiakiaciBajBBi>!a fc:i;? aaCBfc?BBBBBB»;ggBaBBaaBBaBBaBBg»gs=ssasa=gg"BBaiiaik?aigk,’* 
■k'Bk'Bk«Bk^B■l■a:1BBVanlkaBBBBk?aBBBBBBBBaa■■■aa■BBBBBBl/aB■IBB■B■BBBSSa|l^•9ki9KP:«^^\ 
fBlBlBk^Ba.'«IKlBB7IB^BBBflBBBiakZPaBiBBBBBBBBBaBBaBg*:=SBBBBBBBai==!"BBBZak?l£a;!ik\>,^ 
k^BkTBVIBllkiak'BBlPa^PBBBfeSaaiBBBBBB»=========«aflBIIBBlBB|BBBBBBaBBBaiiZPii:ak:k9i:'k\> 

BlBlBvlBkBBk'aik^lV^BBB^BBIBBiSgaiBBIBBaBBBBBflBiaiBBBBSSaiBaBBBBBBBflBaBSBBkrB^l^k^k'k: 

Bk>Bk^BkaBkiBBkiiB^Bic2c«BBBaaBBBaiBisg«aaaBBaBBBB>is;saaaaBBBBBBe!s==ssssgr!««Ma£Bk;:k?k;ck; 

•B,YBPflk'«aB^Bk:^BBfaBBk:iBBBIl2aaiBBBBBBBBBBBaaBBBaBaBBa»SiaBIIBBIBBBBaBaBBieSBk?k?£k!< 

k^lk:Bk:BB,BliiBk:^i^BBBh9aBIBBB'SBBBBBBaaBBBBBBBBBgSiiaBBBBagSaialBBBBBaiBk2?BB9k?«kA:k 

•fB.iBtiBkBak:BikmKBBiaih5iiBBaiaaBs:-5*s-*:saiiaaBiBB»ssaBiiiBas=aiiiiis:gaBi£gk9ik^? 

lk'BkBkBak^BBk^B^PBBk?IBBBBli5aaBBIBBBBBBBBBBBBBBPgaBlBaBBasaaBBIBBBBa»«BaBB£9a2<P:« 

i8javiBkiBa.’tia.'^Mk.'iBBB2iBBaBaisaBiBBiBaaBaBaisiflaBBBBasaaBBiBa!:s«aaBBaBBiBMk7Bk?a:>£« 

k^lkBkl»IBlBiSllBBi?aBlk21|aBBIBlBiiiiiaaaBBBBiaigaBBBaBag«aiBPaSS5iBBaBBiZg«k2k?k 

B1B.iaklBkaBk«kr>.'1BBBkBIBBaSPBBaBBBBBBBaflBBBaa»SBBBBBBPaaBaBgSafBBaa=:S:5SZ:?BB2%i:s 

■k'BklBiak'BBk!Bla2BBBk2IBBIBkSgBaBaBaaaBBSSaaBBBIPgaBBBPCaaBBaSSaaBBBBag-g««Ba2P2« 

lilBk^BkBBk1iyaBB2BBBBk?llBBaiBlBaBaBaBBBiaaBPg«aBlPgaaaBBSBBIBP5SafllBBBBBBBkZak> 

i v>BkakBBkiBi>'<iack'BBRkafliBiPS9aBiBBBfliBBaBiBP’!ikpaBBPsaBBPSBPBP'!:saBBagaBaBBaaaBi;gak:9i 
kfa.^BkBai[PISlBBklBBB21RRRRBR»2=!!«"«"g==aaaRBBlBSaBBPgi«BBP!!aiBPSaiiag::a8lBBBB»Z9BS 
■ k\akBI.^Bkl^PBlkPBBB)lSBBiaBaiBBBBPBBBBBBRBaSaaBBPSiBBPSaiPgaBBP^aBPgS«aBBaB»^;B.. 
IBVBklBkBBf'iii:glBi2RliaBt:SBBBIBIIlBBBBIPSSBRfliag»lBg^BBPSilPtaBP>!:^aBa-=5^H.ii2:*lb 
.^lk^BtfRk'i^'BIB2BiBlkPBBPlBRa£:=:gggSSaPlBBBBPSaiRP!;BBBP;«lBP>::aiPSPPP!SBBB!>=»i..«.i:!«ii| 
kfP.lBkPBi^Kk''lBI2aBBB2PBBBBBaiBBBRBBBBIRaP*:^aaBPSaiPg'BBBP:kilP;tfBPSBPgSaiag=«iB»2=P 
lkllk:BB.ia7.^iBk?BBakPBBBBlk7BBaBllBRBiaBPg!:ifPIBBgSilBBP>^BBRP:(PBr^BPSaasaPgSBBa':;..«»»Z 
lllRk^Ril^:^BBi;;RBRR2aHRRHRa£ZggS==S5aBBRHBPSaRBP'!:aiRP:(flB>;PtP:4fP:eBP:ePPr;iaP»SSiaii«» 
v18kRRlBknYPHRk:iBBBa2PRaRBBBRBHlRPRRRBP>!!aaRRP^«RRf:.aRiraPB:iRPlflP:eaar:i«P':«aii*!;;«MK«B 
lilvlBkW^R&PBRk9aBBRRkSBRBBIRRIRBP*S«IBRRPSaBIP!^iirkBPaMPSaPSBP!^aPSaPI!:iiiag;S8a«Bj 
■tiBkaBw^aiL-7iBa>5BaBieBaBaBaBaaiii;ai;iiaaaBaBBaP:iaaap>!:.Baa:«aB>5BB»;BB>SBar.Ba^Bai5Ba::iaa>:s.aa»»»| 
RilRklREm:^lll2BIBRSRlHHRHiaiRIIIIRIIBSiiillP:;iilPSi|lCPRP^I«;^|P'4B5iP:eapBPCBPg:Baa5l 
1Bk^RRir\lRRi>IHBHkBRIRHkSBRRBaiRRRPa<!;SailBRa;<6lp^iiakRP!:eBP:^RP:4ir.JP!ifl»'^P.'Saa:^Bi»Saa!;£j 
k'iR.'«Pkaka:iBB.'<BRRR:^aBRBRBRBii==s«aBUBBPP«;aRBB’!;BiP!^aRf;aR'!;«HrBPkaP8P:«p*:aB:ePi;aB!;aa:« 
■.iakHB4iBPk;BBBi:'paRRk?'BRPBBBBBPaiBBHBBa:;BaB8a;«BB’;Bap:eBP!kBP:«Rrap>:iPiEaKBP!4P!:;a^BP!;Bas# 
w^■mmi^i'W»^m»miimmmuuh;:^mtlmmmMmMm»••.zamltumw:^mMwuumK4Mw.4mr.4nK^aw.49'J^UK»^K0K4KM¥Z,*Kmr:•0 
lik^l|miiikRiii2iRBHiHaBBi»iiiaaRHiiiHgeiRRiSiBP^RBS8P':^flPBP'!:fl^aP8P:ktp:iiPaP!:;ip>:B*:B«:a*: 
iBapir.aBkiBBkPBBBksaRRBBRaBBiBiRRRaP2BRBB>;aRR*:.iRrBRr4B^ap^B::iB»:;afa^i^araPBi^B^p:;<#:; 
■RakVkrv'aBkiBaa2BaBRa2?BaRBBBRHBP!*:;BaBRaf;BPK«kRB>;;.aBf:ap^Rnip;^p^B^p'^f j^B^P!:;iP;4Pp;;p:;<p« 
BM9^^M9i^u9^m•mm^^mm•*»w.•mmmmmm§Bmmmmm•:4uu»r4nup'MM9AMr.sw'MUr.gw'49'Aw:df.dW'dr’4f:4•;tK4•^l^'kK^ 
•BBi^BBB.'<iBBkiaaaB.?BaBBBBrBBaBBBaBBa2aBBBrBaBr#Br4Br^BP4B*^BrBr4rBrarBira^pa':;irB':.p:4f:p 
iRMRiWvBak1HBkPBBRBRSPilRHRRRIRiagifBBBRP;iiHRP:iBa'.iP:rfRf;iB^4Rr.ifBP;i^a^ii^B!jKP:M'.f:^>:;^[tfS<? 
|lBRBBPkBBk^BRR2tBBRHHRBi«=;««B«RRRRIP'«RflR^fl|P4BKPB^BP;tfi2iR^.fril*:<B^I*^Pif;fJ!;<P#VS.P^'.«*:; 


^ k » <t < 

4^ Mum 


o o 

s iSs 


Ydluea of Pw 

0.05/, di'k’ide p® by 0.790 and find value of L from above diagram. 
0 15/, dix'ide p® by 1.306 and find value of Li from above diagram. 
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A ” - l) - - l) = 28301b. persq. in. 

The stress f, may be foun<^ )>y eq. (7) but ib always less than n X U 


UNSYMMETRICAL BENDING 

By W. S. Kinnb 

In certain types of construction it is found necessary to place beam sections with their axes 
of symmetry at an angle to the plane of loading, as shown in Fig. 117. For the conditions shown* 
the principal axes of 
the section and the 
plane of loading do not 
coincide, as assumed 
in the cases considered 
in the preceding chap- . 
ters. Bending of the 
nature shown in Fig. 

117 is known as 
unsymmeirical bend¬ 
ing. The brief treat¬ 
ment of the subject given in this chapter is confined to cases of pure bending only. 

106. General Formulas for Fiber Stress and Position of Neutral Axis for IJnsymmetrical 
Bending.—The full line rectangle of Fig. 118 shows a right section of a straight beam of uniform 
cross section subjected to a bending moment M acting in a plane which passes through the 
longitudinal axis of the beam, making an angle 6 with OX, one of the principal axes of the 
section. In the work to follow, point 0 will be taken as the origin of codrdinates, and 
the principal axes of the section, OX and OF of Fig. 118, will be taken as the coordinate axes. 
As the formulas are greatly simplified thereby, the properties of the section will be referred to 
the principal axes. These quantities arc given directly or are easily calculated from data 

Let n-n of Fig. 118 (a) represent the 
position of the neutral axis of the assumed 
section for the given plane of loading, and 
let a be the angle which the neutral axis 
makes with OX. Angle a and also angle $ 
arc to be considered as positive when 
measured in a counter clockwise direction. 
Fig. 118 (5) shows the fiber stress con¬ 
ditions on a line at right angles to the 
neutral axis, assuming linear distribution 
of stress. 

Let P, Fig, 118 (a), be any fiber of 
infinitely small area a at a distance v from 
the neutral axis. Assuming positive 
(clockwise) moment, the intensity of 
fiber stress atP is/ «« —/iw, where/i is 
the fiber stress intensity at unit distance from the neutral axis. The minus sign indicates 
compression, for, as shown in Fig. 118, the fiber under consideration is above the neutral 
axis. 

The moment of resistance of the section, which is equal to the stress on each fiber multi- 
ifiied by its distance from the neutral axis is Afa where S represents the summation 

for the entire reoianglet But is the moment of inertia of the section about the neutral 


given in any of the structural steel handbooks. 
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axis (see Art. 61c), which will be denoted by With this notation^ = /i/„. Substituting 
for /i its value — we have 

M, - 

Since the beam is in equilibrium, the moments of internal and external forces at any sec¬ 
tion must be equal. Taking the neutral axis as the axis of moments, the external moment in a 
plane perpendicular to the neutral axis is M sin {6 at). The moment of internal forces is 

the resisting moment of the section, which is given above as Mr « — -/»• Equating these 

V 

two expressions 

. , - y sin (d — Of) 

^ ^ /, 

This expression can be placed in a more convenient form by referring both v and /» to the 
principal axes of the section. From Fig. 118 (o), if — y cos a — a? sin a. Values of x and 
y are positive when measured upward and to the right. In treatises on Mechanics it is shown 
that in terms of the principal moments of inertia of the section, /« and the moment of 
inertia about the neutral axis m In - h cos*a -f h sin* a. Substituting these values in the 
general equation given above 

r = If (y cos g — a; sin «) sin (0 — a ) 

^ ^ (/, cos* a + /„ sin* a) 

To determine the relation between the angles ct and By a summation of external moments 
about any two axes will yield two independent equations from which the desired relation can 
be obtained. Two convenient axes are OX and OF, the principal axes of the section. 

For axis OX, using the value of v given above, 

Jkf sin e = S /i avy = S /i (?/*cos a — xy sin a) a 
But X 02 /* is the moment of inertia of the section about the axis OX, which is denoted by /„ 
and X axy is the product of inertia of the section, which is zero for principal axes. Then, 


ilf sin ^ - fi Ix cos a 

In the same way, for axis OF, 

M cos 0 == — /i sin a 

Solving these equations for we have 

tan at = — ^ cot 0 (1) 

** y 

which is the general equation for direction of the neutral axis for bending in any given direction* 
Substituting the value of a, as given by eq. (1), in the above expression for /, we have 

\ Isly / 

which is the general expression for fiber stress at any point in a section of a beam due to a mo¬ 
ment M acting in a plane at an angle $ to the axis OX. This equation can be made to apply 
to any particular point, as A, Fig. 118 (a), an extreme point of the section, by substituting for 
X and y the cofirdinates of the point in question. Let these codrdinates be xa and va, and let 
[a be the resulting fiber stress. Then 

(IvVa sin 0 4- IsXa cos i 




hly 


sosjp^ 


( 2 ) 


Since in eqs. (1) and (2), xa^ Va^ 1st h s^re constants for any given point in a given 
section, it follows that the direction of the neutral axis and the intensity of the stress are depend¬ 
ent upon the value of 0» For 9 » 90 deg., eq. (2) becomes/^ » MyA/Im, and eq. (1) becomes, 
tan a « 0, or,« * 0 deg. Again, for ^ 0 deg., eq. (2) becomes ,/a * '-Mxa/Im, andeq. (1) 

becomes, tan a » infinite, or, or » 90 deg. 

It will be noted that these special values of fiber stress'are of the form given in Sect. I, Art 
61c, thatiSy/«jlf (c//), where//c is known as the saefummocMtta of the section. Also, the neutral 
aids in each case is perpendicular to the plane of loading. This condition holds true only when 
phm pf loading omneideB with^one of the prindpal axes of the seetipii, at iidiijdi liiiisa^ 
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other priacipal axis is the neutral axis, a fact which can be verified by a study of the vahiei ^ 
a given above. 

Eq. (2) can also be written in the form 


|^(Af sin e) ^ 4- {M cos 


As shown by the substitutions made above, this expression is the sum of two quantities ob¬ 
tained by resolving the bending moment into its components parallel to the principal axes of the 
section. Then by adding the fiber stresses due to these component moments, there is obtained 
an expression identical to eq. (3), and on transformation, to eq. (2). This offers a simple and 
easily remembered method for the calculation of fiber stresses due to unsymmetrical bendings 

107. Flexural Modulus.—In Sect. 1, Art. 61c, it is shown that for bending in the plane of a 
principal axis, the fiber stress in a beam is given by an expression of the form 

/.«(.//) 

where for any given section I/c is a constant quantity known as the section modulus. 

In eq. (2), the reciprocal of the expression in parenthesis is seen to be a quantity of the same 
dimensions as the section modulus, but more general in nature, as it involves planes of loading 
other than the principal axes. Let S denote this quantity. Then 

/ = M/S (4) 

where 

,<? - 1 - r—Mh -S (5) 

IvVa sin $ 4- IxXa cos 6 

The expression of eq. (6) is known as the flexural modulus of the section. For any given direc¬ 
tion of loading and for any given point in a section, 5 is a constant. Having given the value of 
S for any given conditions, the resulting fiber stress is 
obtained by substitution in eq. (4). Y 

108. The S-line.—For any point in a given section, j 

the value of 5 as given by eq. (5), gives a measure of the 
strength of the section for bending in any direction. 

From Analytical Geometry it can be shown that eq. 

(5) is in the form of the polar equation of a straight line. 

A convenient graphical representation of the variation in 
flexural modulus for various planes of bending is thus 
readily obtained. In Fig. 119, the line C-D shows the 
variation in flexural modulus for point A, one of the comers 
of a rectangular section. This is known as an S-line of 
the section. The vector OE shows the value of Sa for 
bending moment at an angle $ to OX, one of the principal 
axes of the section. 

It will be found convenient to express the equation 
of the S-line in terms of rectangular cofirdinates. Uy ^ S 
sin 9 ancha: « S cos be placed in eq. (5), we have 

V ~ 

lyVA VA 

which ia the slope form of the equation of the S-line for 
point A, Fig. 119. 

109u S-p<Ayg0H8.—Every extreme point or comer of 
a section is liable to become, at some time, a point of max¬ 
imum stress. In order to determine graphi^ly which of 

several extreme points is the one having maximum stress, it is necessary to plot the S-lines for 
all points. In this way the values of 8 for the several points can be compared. 

hi F%* 119, theline IM? represents the SAine for point B. The equation for this line is 
simllsir to that for point A, and can be obtained from eq. (8) by substituting and the 

I 
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coordinates of B, in place of the corresponding values for A. 


y = 


■ X -h 


h 
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Thus the required equation is 
(7) 


Xab 


( 8 ) 


h 

lyVB " ’ VB 

As before, the vector OK represents the value of Sb for bending at an angle e to OX. 
Eq. (4) shows that the point of greatest stress is the one with the least S. Since vector OE is 
smaller than OK, fiber A has a greater stress than fiber B for the given plane of bending. 

Equations similar to eqs. (6) and (7) can be made up for each extreme point of the section. 
If all these S-lines are plotted in Fig. 119, they will enclose a figure known as an S-polygon. 
Examples of S-polygons are given in Art. 110. 

S-polygons can be constructed by two different methods. One method of construction 
is carried out by plotting the S-lines, as given by equations similar to eqs. (6) and (7). The 
S-lines for adjacent points of the section are run to an intersection, and the resulting enclosed 
figure will form the desired S-polygon. Another and better method locates the coordinates of 
the points of intersection of adjacent S-lines by the methods of Analytical Geometry. This is 
done by solving simultaneously equations such as eqs. (6) and (7) for adjacent extreme points 
of the section. This process is repeated for each pair of adjacent points of the section. The 
resulting coordinates are plotted and connected up to form the complete S-polygon. This 
latter method, which is the one used in the work to follow, will now be explained in detail. 

To determine the coordinates of the intersection of the S-lines for points A and B of Fig. 
119, the equations for these lines, as given by eqs. (6) and (7), are to be solved simultaneously. 
Let Xab and yab be the codrdinates of the point of intersection—that is, the values of x and y 
common to the two equations. Then 

ly (Vb - y A) 

^XAyB — XbVA 

(9) 

XAyB “ xsyA 

Similar values for pairs of adjacent extreme points will differ only in the subscripts of x and y. 
The resulting values, when plotted and connected up, will form the desired S-polygon. 

Eqs. (8) and (9) give general values for the coordinates of points of intersection of S-lines. 
Under certain conditions these equations take on a much simpler form. As shown in Fig. 119, 
extreme points A and B form an edge which is parallel to the axis OF, and Xa = xb = d. If 
these values be placed in eqs. (8) and (9), the resulting equations are 

= h/d (10) 

and 

yab » 0 (11) 

For two adjacent points, as A and N of Fig. 119, which form a side parallel to the OX axis> 
Va •• Vn — Cf and eqs. (8) and (9) become 

x„-0 (12) 

and 

yan^Ixjc (13) 

In cases where S-polygons are to be determined for sections 
which are irregular in outline, as shown in Fig 120, wheYe some of 
the sides of the section are not parallel to the principal axes, OX 
and OF, eqs. (8) and (9) must be used in the determination of the 
codrdinates of the S-polygon. It is possible, however, to make 
use of certain short cuts which will greatly simplify the calculations. 
This is done by revolving the axes of reference for codrdinates of 
extreme points through such an angle that the side in question 
and the axes of reference will be parallel. 

Suppose that the codrdinates of the intersection points of the 
S-lines for adjacent points B and C of Fig, 120 are required. Choose 
a set of coordinate axes OU and OF, such that OV is parallel to the side O^B. Let 4^ be the 
angle which OU makes with OX, a princ^ud axis of the sectbn. This angle is to be oon- 



Fiq. 120. 
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sidered as positive when measured counter-clockwise. If x and y be the coordinates of any 
point P with respect to the OX and OY axes, and u and v be the coordinates of the same 
point with respect to the OU and OV axes, it can be shown from Fig. 120 that 


and 


y - V cos + u sin 

X — u cos — V sin ^ 


In these equations u and v are considered positive when measured upward and to the right 
with respect to the axes OU and OV. 

Substituting in eqs. (8) and (9) values of x and y as given by the above equations, using 
subscripts to correspond to the point in question, we have 


and 


— Uclsin <f> + {vb — Vc) cos <^] 

{UcVb — UbVc) 

= f*1(^ — t^r)8 in <i> +_ {uc — ?/i ?)cos <t> \ 
{UcVb — UbV,) 


Since the angle 0 was so chosen that OF is parallel to side P-O, we have wb =* w*. = 6, as shown 
in Fig. 120. Substituting these values in the above equations, we have 


JTbc 

Vbc 


ly cos \ 
b 

I, sin <f> 


(14) 


In using eq. (14) it is to be noted that the coordinates Xbc and yhe are referred to the principal 
axes of the section, for in deriving the equations given above, only the coordinates of the extreme 
points of the section were referred to the axes OU and OV. 

In a like manner, the coordinates of the intersection point of the S4ines for points D and 
C of the edge P-C, Fig. 120, parallel to the OU axis, are 


Ty sin 0 

- 5 — 

where d ^ vd = Ve. 


(15) 


In this discussion it has been assumed that C-B and C-D are perpendicular sides. If 
they are not perpendicular, it will be necessary to determine the proper value of <f> for each side in 
order to obtain the desired results. 

When a section has a re-entrant corner, such as P, Fig. 120, it is quite evident that for any 
given plane of bending the fiber stress at P is less than at D. This is due to the fact that P is 
nearer the neutral axis for the plane of bending than is D. Hence the S-line for point D 
lies inside that for point P, whose S-line will be located entirely outside the S-polygon for the 
section. It is therefore necessary to draw S-lines only for the outside points of the section, 
as these points will be farthest from the successive positions of the neutral axis, and therefore 
have the least values of flexural modulus. 


A simple and definite test for the determination of the points for which S-lines need be drawn is given by 
rolling a right line around the perimeter of the section for which the S-polygon is to be drawn. Since the successive 
positions of this rolling line are parallel to successive positions of the neutral axis as the plane of bending varies 
through all possible angles, it is evident that the points touched by this rolling line are those farthest removed 
from the neutral axis, and that they are points of possible maximum stress. It is to be noted that in rolling around 
the section, the right line will not out across the section, which at once eliminates re-entrant corners. 

For the section of Fig. 120, a line rblling as described above will touch points A, B, C, D, and E. The polygon 
formed by connecting these points is known as the circumacribing pciggon of the section. 

110. Construction of S^polygons.—^The ^-polygons for a few of the standard secticms 
used as beams will now be calculated and constructed in order to illustrate the principles set 
farth in thn preceding articles. 
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UPd. 8-polyfOtt for « Rectangle.—The S-polygon for a 2 X 12-ia. rectangle will be computed and 
constructed. Fig. 121 ehows the aeotioo with the principal axes OX and OF in position. The piincipal moments 
of ineitia are /• •• 288in.<, and « 8 in.<; and the codrdinates of the extreme points of the section, which in 
this case are also apices of the circumscribing polygon, are, •• 4'lt l/x •• +6; afg *■ 4-1, yg “ — 6; xc •• —I, 
Uc * aad, - - 1. y/) • +6- 

Since the sides of the rectangle aie all parallel to the principal axes of the section, the codrdinates of the apices 
of the S-polygon are given by eqs. (10) to (13). For sides A-B and C-D, which are parallel to the OY axis, eqs. 
(10) and (11) are to be used. With 8 in*., and o « xa * xg “ +1, eq. (10) gives, Xos -• +8/1 • +8 
in s; and eq. (11) gives, get «* 0. This apex of the S-polygon is located on the OX axis, as shown in Fig. 121. For 
side 0~C the substitutions are similar to those for differing only in the signs of the coordinates of the extreme 
points. It will be found from eqs. (10) and (11) that xod *« — 8 in.*, and Vtd ■■ 0. 

Sides A-D and C-B, which are parallel to the OX axis, require the use of eqs. (12) and (13). For side X-D, 
with Is » 288 in.* and c * y^ » y^j * +6 in., eq. (12) gives Xas ■ 0, and eq. (13) gives Vod *■ +288/6 » + 
48 in * Prom the same equations we find for C-B, z«s *> 0, and y* *• —48 in.* These apices of the S-polygon are 
located on the OY axis, one above and the other below the OX axis, as shown in Fig. 121. 




The complete S-polygon is obtained by plotting the points determined above, and connecting by straight 
lines the points which have a common letter, as, for example, points do and ab are connected by a line denoted 
i>v a in Fig. 121; likewise, points a6 and be are connected by a line denoted by b. Following this prbeedure for all 
points, the complete S-polygon is obtained, as shown in Fig. 121. 

It will be noted that ^e coordinates of the apices of the S-polygon, as x^, etc., are equal to the section 
moduli of the rectangle for axes OX and OY respectively. This offers a convenient method for constructing this 
polygon without the use of eqs. (10) to (13). The section moduli can be calculated or taken from the steel hand¬ 
books, plotted on the principal axes of the section, and the polygon drawn as described above. 

XtOh, S-polygoa lor a 10-iii. 81-lb. I-betiii.— Fig. 122 shows the S-polygon for a 104n. 25-lb. 
I-beam. As the circumscribing polygon for the I-beam is a rectangle, the methods of calculation are exactly the 
same as given above for the rectangular section. The detail calculations will not be given here. All data are 
shown on Fig. 122. 

liOc. 8-polygoa for a UMn. if4b. ChanabL—The oireumicribing polygon for a channel is also a 
rectangle, but as the axis OF is not an axis of symmetryt the rssulting 8i;>olygQia will net ^ ssnaxnetrioal about 
the OF axis, as in the ease of the reotangie and I-beam. 

For a lO-in. 25-lb. channel, /« « 91.0 in.*,» 8.4 |ii.*;xa +2.28, g^ * +5.0;xa * +2.28,gg « -5.0; 

9C • —0.62, go - —5.0; and, xj> • —0.62, yp « +5.0. (AH coordinates in inches.) 
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aabstituting thwe vala«i in aqs. (10) to (13), the ooOnlmntes of the npice* of toe S-polygon ms tmuA to to 

- +3.4/3.28 - +1.49 in.» 

Va6 •• 0 

- -91.0/6.0 - -18.2 in.* 

1A« « 0 

aw - -3.4/0.62 *-5.48 in.* 

j/«l * 0 

a:4a - 4-91.0/5.0 -4-18.2 in* 

Vda “ 0 

These values when plotted give the S*polygoii of Fig. 123, on which all data are shown. 

llOd. S-polygon for an Angle Section.—The S-polygon for a 5 X 3H X ih^-ln. angle wUI be com¬ 
puted and constructed. In the case of angle sections, the steel handbooks do not give directly the principal mo¬ 
ments of inertia of the section. The moments of inertia given are those for the gravity axes of the seotion (0 U and 
OF of Fig. 124). By the application of a few well-known principles, the location of the principal axes and the 
values of the principal moments of inertia are readily determined. 


Y 



Fza. 123.—S-polygon for a 10-in., 2o-ib. channel. 



/ 

Fio. 124.—S-polygon for a 5 X 3>^ X H-h*- angle. 


Fig. 124 shows tne angle section with the gravity axes OU and OF in position. The moments of inertia lor 
these axes aie lu * 10.0 in.*, and i« * 4.0 in.* Moments of inertia tor principal axes are not given directly. 
However, the mimmum radius of gyration of the section is given; this is a property of the minor principal axis of 
the section. From Art, 92 ,1 « Ar*, where A * area of section, and r ■» radius of gyration. For the section in 
question, A * 4.0 aq, in., and ry - 0.75 in. Then, ly * 4.0 X (0.75)* * 2.25 in.* 

The value of /«• the moment of inertia for OJK, the major principal axis of the section, can be determined from 
the well-known relation connecting the moments of inertia for principal and othei axes, which is: /« 1y * 

/i» -f /*. As /* is the only unknown, we have: J» * /« 4- 10,0 -f- 4.0 — 2.25 * 11.75 in.* 

The value of the angle between the principal and gravity axes, angle 0 of Fig. 124, is given by the expression 

This expression is found in works on Mechanies. 

For the values given above 


Sin 0 


- (— 
\11.7 


L.75 - 2.26/ 

or ^ * 25 deg. 80 min. The gravity and principal axes are shown in their relative positions in Fig. 124. 

As shown in Fig. 124, the sides of the oircumsoribing polygon, ABCDBt are not parallel to either of the principal 
axes of the seotion. The coordinates of the apioes of the S-polygon are to be calculated by eqs. (8) ot (9): or, by 
rotating the axes of reference as explained by Fig. 120, eqs. (14) and (15) can be used. As the latter method is the 
simpler, it will be used here. 

Axes OU and OV are parallel to sides A-B, C-B, B-B, and B-A of the oiroumseribing polygon, and will be 
used as the new axes of reference. The angle ^ is seen from Fig. 124 to be 25 deg. 30 min.» 

For side A-^B, which is paralled to the OV axis, eq. (14) is to be used. With 0 * 25 deg. 30 min., Tym 
2.25 in.,^ and oa * *2.59 in., we have, 

-+0.785 to.. 

,,-(±li^o4»!).+a.oo to. 
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In plotting these points it must be remembered that Xah and Vab are referred to axes OX and OY, the rota* 
tion of axes of reference having been made only with respect to the extreme points of the section. 

Side D-E is also paralled to the OV axis, and eq. (14j is to be used, which gives 

<'-J-2 25)(0.903) , 

a-j, „---2 23in.> 

{4-11.75)(0 431) 


Jfd* * ■ 


» -6.67 in.» 


-091 

Sides A-E and D-~C are parallel to axis OU. Substitution in eq. (16) gives 

(-2 25)(0 431) 


and 


yd4, 


1 66 

(+11 75)(0 903) 

1.66 

(-2 25)(0.431) 
-3 34 

( + 11 75) (0.903) 


-0.684 in.» 

« +6.39 in.* 

»= +0.290 in.« 
- -3.18 in * 


-3 34 

The side B-C of the circumscribing polygon is parallel to a pair of rectangular axes shown by OR and OTin 

Fig. 124. These axes make an angle of 33 deg. 40 min with 
the gravity axes, or 8 deg. 10 min. with the principal axes of 
the section, as shown in Fig. 124. This angle can be calculated, 
or scaled with a protractor from a large layout of the section. 
Since the axis OR is in the fourth quadrant with respect to the 
axes OX and O Y, 

^ - (360“ - 8“ 10') « 351 dog. 60 min. 

Using eq. (14), with 4> as above and b — 1.51 in., as shown 
on Fig. 124, we have 

(+2.25)(0 990) 

-Tsi-+1.48 in. 

( + 11.75)(-0 142) 






Vhe 


1 61 


-1.11 in.* 


Xai «“ —0.600 in.*, 
aw *» +1-89 in.*, 
Xmf « —0.848 in.*, 


Vab - +8.56 in.*; 

y « 0; 

!/•/ «• —4.38 in.*; 


Plotting these points with respect to the OX and 0 Y axes, and 
connecting the proper points, the complete S-polygon is obtained 
as shown in Fig. 124. 

110s. S'polygons for Z-bars and T-bars.—Two 
rolled sections which are used occasionally as beam sections are 
the Z and T-bars. S-polygons for these sections are shown in 
Fig. 125. The detail work of calculating these polygons will 
not be given, as the methods are similar to those used above. 

Fig. 125(a) shows the S-polygon for a 5 X X H-in Z- 
bar. The codrdinates of the apices of the S-polygon, referred to 
tho principal axes of the section are: 

xbo " +0.848 in.*, Vbc « +4.38 in.*; 

Xaf "* —1.89 in.*, yaf ■ 0; 

a:* — +0.600 in.*, yd* -« —8.66 in.*. 


Fig. 126(6) shows the S-polygon for a 4 X 4 X T-bar, for which the codrdinates of’the S-polygon are: 

xab - 0, l/ab «* —2,02 in.*; xd* * 0, yd* +4.83 in.*; 

Xpd «■ +1.40 in *, ycd * 0; x»f » —1.40 in.*, y*/ 0; 

xb* -+1.69 in.*, yb« * —1.71 in.*; Xa/ * —1.69 in.*, y«/» —1.71 in.* 


111. Solution of Problems in Unsjrmmetrical Bending.—Problems in unsymmetrical 
bending can be solved algebraically by the use of eqs. (1) and (2), or by semi-graphical methods 
involving the use of S-polygons. A few simple problems will be worked out to show the gen¬ 
eral methods employed. 

In problems involving the determination of fiber stress in a given beam section under 
bending in any direction, the desired result is generally the maximum fiber stress and the fiber 
on which it occurs. A complete solution of this problem can be obtained by two methods. In 
the first method, the stresses are computed for all extreme fibers of the section. On comparing 
these values, the maximum can readily be determined. By the second, and better method, the 
neutral axis of the section is located on a large scale layout of the section. From this sketch 
the fiber most remote from the neutral axis is determined by inspection, or by scaling if neces¬ 
sary, and a fiber stress calculation made only for this fiber, thus giving the required maximum 
stress intensity. 

Xllattnitive Prolilem.-^A lO-itu 25-lb. channel section ie used ae a beam to support a moment Af acting in a 
vertioai plane, Fig. 126 shows the position of the channel and the direction of the plane of bending with reepeot 
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tc OX and OK, the principal axes of the section. The solution will be carried out for both of the general methods 
outlined above. 

Algebraic Solution.’^Tht moments of inertia of the section, as given by the steel handbooks, are: la ^ 91>0 
and la ■" 3.4 in.*. The eodrdinates of the extreme points of the section are: xa +2.28, va "• +6*0; + 

2.28, j/j? — 5.0; xc 0.62, yc ■■ —6,0; and, ® 2 > ■» — 0.62, yo "• -fS.O. (All coordinates in inches.) 

From eq. (2), with 0 60 deg., as shown in Fig. 126, and with the coordinates given above, we find for point 

A, 

/ _ r(4- 3.4)(5.0)(0 866) + (0 91)(2.28)(0 60)i 4-14.72 4*103.8 „ 

(91)(3.4) ■ "^6 " 

- 0.3835Jif 

The minus sign indicates that the fiber stress is compressive. ^ 

For fiber J5, substitution in eq. (2) involves the same quantities 
as for A, except that yB is negative. The first term in thenumer- • ^ 
ator of the above expression then becomes negative. Using the same ^ ^1 

form as given above, we have \ aK. JI 


4-14.72 4-103.8 
‘309 6 


Jb 309.5 

In the same way, we have for points C and /> 

. ,^r(+3.4)(-5.0)(0 866) 4- (9l.0)(-0 6o)(0 5)i 

•^<7- mWi) J 


4-14 72 4- 28 20 


- 14 72 4- 28 20 


(91)(3 4) 
4-0.138631 

4-0 043553/ 


h 5'^/ 


'D ^ 309 5 tt I 

The plus signs indicate tensile stresses. 

On comparing the calculated values, it will be found that fiber A \ N. I 

has the maximum fiber stress, and that the stress intensity is \ \ _3t 

0.38353/ lb per sq in., compression \ \\ 

Proceeding with the second method of solution outlined above, \ ^ a 

we find from eq (1) that the angle between the axis OX end the \ 

neutral axis for the given plane of bending is \ W\ 

(-OlOXcotfiO") (-91 0X0 5774) _ \ ^ 

tana- - --15 46 \ ^ 

from which, a « 93 deg. 38 min In Fig. 126 the neutral axis, as \ \ 

located by this angle, is shown m position. It is evident by luspeo- \ y 

tion that fiber A is most remote from the neutral axis. A single ' _ 

substitution in eq. (2) for fiber A gives the desired result. The > 

calculations are as given above for point A; they will not be ^26. 

repeated. 

Solution by Means of an S-polygon. —On Fig. 126 there is given a solution of this problem by means of an B- 
polygon. The S-polygon is constructed from the calculations made in Art. 110 and shown on Fig. 123. 

From eq. (4) of Art. 107, the fiber stress at any point is/ M/S, where S is the flexural modulus of the section. 
As explained in Art. 108, the value of 5 for any point is equal to the intercept on the plane of bending of the R. 
line produced and the origin of coordinates. These intercepts are shown on Fig. 126, each with a subscript corre¬ 
sponding to the point for which the value of S is given. Then from eq. 
Y (4), the fiber stresses are: /x — M/2 60 “ 0.3863/, /a - 3//3.60 - 

/fhnamf “ 3//7.18 « 0.1393/, and /a « 3//23.05 - 0.04353/. 

The character of fiber stress is not given directly by the S-polygon. 
To determine the character of the fiber stress, locate the position of the 
neutral axis, as shown in Fig. 126* For positive moment, all points below 
the neutral axis will be under tensile stress, and points above the neutral 
axis will be under compression. Thus in the case under consideration, 
^ points A and B are above the neutral axis and are under compression, while 
^ C and D are below the neutral axis and are under tension. These results 
are checked by the algebraic solution given above. 

Illustrative Problem.—A 6 X 3H X H~in. angle with the longer leg 
vertical carries a moment M acting in a vertical plane, as shown in Fig. 127. 
Required the intensity of the maximum fiber stress and the fiber on which it 


«er y 

t Bincip^ 
am 


This is the angle section for which the S-polygon is calculated in Art. 
110 and shown on Fig. 124. The principal moments of inertia of the sec¬ 
tion are: la » 11.79 in.*, and la « 2.25 in.*. In Fig. 127 the principal axes 
Fig. 127. OX and OV are shown in position. 

Algebraic Solution ,—The fiber of maximum stress intensity will be 
determined by plotting the position of the neutral axis on the angle section. From eq. (1), with 9 «• 115 deg. 36 
min., as shown on Fig. 127, we have 


(-11.79)(cotll5** 


- * 4*2.51, or, a >-68 deg. 17 miau 
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The poeition of the neutrhl azie it ehown on Fig. 137. It will be found thnt fiber C ie meet remote from the neu¬ 
tral axis, and ia therefore the fiber of maximum etreee intenaity. 

The oofirdinatee of point C must be referted to the principal axes of the eeetion» OX and OF. In subetituting in 
eq. ( 2 ). Thia information ia not given in the ateel handbooka. It can be obtained by aoaling from a large aoale 
drawing of the aeetion. or it can be calculated by means of the formulas for rotation of the axes of reference given 
for the conditions shown in Fig. 120 of Art. 100. The values of u and v to be used in the formulas of Art. 109 can 
be found in the steel handbooks, for OU and OV are the gravity axes of the section. Then for uc 0.41, vc 
-3.34, and ^ - 25 deg. 36 min., we have, vc - (-3.34X0.902) - (0.410X0.432) -3.10, and. xc - (-0.410) 

( 0 . 002 ) + (3.34) (0.432) «« +1.07, both values in inchee. Calculated and scaled values were found to check. 

Substituting in eq ( 2 ) the values of xc and yc given above, and 0 -< 115 deg. 36 min., the fiber stress at C is 
found to be 

rv2.25)(-3.19)(sin 116« 360 + (11.79)(1.07)(116® 36')l 
fC - ai.79)(2.26) J 

/C - +0.449Af 

Fiber C is under tensile stress, as indicated by the positive sign of the result. 

In calculating the tables of safe loads on angle sections given in the steel handbooks, it is usually assumed 
that the neutral axis is horisontal for all planes of bending. If the neutral axis be assumed to be parallel to the 
shorter leg of the angle of Fig. 127, the fiber stress at is found to be: /c * Mc/J •m 3.34 Af/10 0.334Af, a re¬ 

sult only about 75% of the true stress given above. 

Solution by S-polygon. —The S-polygon solution of the preceding illustrative problem is shown on Fig. 127. 
This polygon is constructed from data calculated in Art. 110 and shown on Fig. 124. From an inspection of Fig. 
127, it can be seen that for the given plane of bending, fiber C has the least jS, and is therefore the desired fiber of 
maximum stress. By scale from Fig. 127 we find/Sc 2.22 in.* Therefore,/^ M/2.22 « 0.4503/, which checks 
the result obtained by the algebraic method. As fiber C is located below the neutral axis, the fiber stress is tensile. 


The design of beams subjected to uns 3 rmmetrical bending is gfeatly simplified by the use of 
S-polygons. Where several possible loading conditions are involved, the algebraic calculations 
are long and tedious, while the semi-graphical S-polygon offers a comparatively simple and 
easily understood method of solution. 

In designing by the S-polygon method, the process consists in comparing graphically the 
flexural modulus required for any plane of bending with that furnished by the assumed section. 
From eq. (4), Art. 107, S =» M/f, Having given the bending moment to be carried and the 
allowable working stress, the required flexural modulus is readily detei mined. 

The required S is plotted to scale on a set of coordinate axes placed in the proper position 
in space. The S-polygons of the trial sections are then plotted to scale on the same set of axes. 
In order to answer the requirements of the design, the S furnished by the trial section must be 
equal to, or greater than, the required value. 

f Illustrative Problem.—Design a wooden beam set with its 

faces at an angle of 30 deg. with the vertical, and subjected to 
an unsymmetrioal bending moment acting in a vertical plane. 
The span of the beam is 12 ft., and the allowable working stress 
in the timber is 1000 lb. per sq. in. Determine the beam section 
required to suppoit a net uniform load of 300 lb. per ft. 

As the weight of the beam section is not known to begin with, 
it will be assumed to be 25 lb. per ft. The total load to be car¬ 
ried is then 325 lb. per ft.; the bending moment in a vertical 
plane is 3f - Hwl* - H(325)(12)*(12) - 70,200 in.-lb.; and the 
required flexural modulus is 5 M/f 70,2(X)/1(X)0 70.2 in. 

This is shown to scale in the proper position in Fig. 128. 

From the 8 -polygon of a rectangle shown in Fig. 121, Art. 
110 , it can be seen that for bending at an angle of 60 deg. with 
the axis OX, fibers A and C have values of 8 which are equal and 
smaller than those for J> and B. It is evident, then, that it is 
necessary to draw only the S-hne for point A. in order to deter¬ 
mine the proper section. 

Fio. 128. In Fig. 128 the S-lines for several rectangular sections are 

shown. The 6 X 10-in. section is too small, for the 8 furnished 
by the section is not equal to that required by the moment. The 6 X 12 -in. section is a little too large, but as 
beams usually come in even inch sises, it will be adopted. 

Before this section is finally adopted, the asiiunied weight must bs checked up. At 4 lb. per It. board measure, 
a 6 X 124n, section will weigh (12 X Mi>4 • 24 lb, per ft. As the weight assumed in the calculations was 25 lb. 
per ft,, a revision Is not necessary. 

In Sect. 2, Art. 64, there is given the design of a roof purlin for several combinations of dead, 
snow, hnd wind load* The solotkm is based on the principles used in the above problem. 
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112* Ziiveeti|;atioii of Beams.—An important problem in the investigation of the fohiitive 
value of the various rolled sections when used as beams is their moment carrying oapaeMi#*^ 
By means of the S-polygons of the sections, a direct comparison can be made, lius, if it 
required to determine the relative moment carrying capacity of an I-beam and a channel of the 
same depth and weight per foot—^as for example, a 10-in. 25-lb. I-beam—^we can refer to the 
S-polygons for these sections. Fig. 122 gives the S-polygon for a 10-in. 25-lb. I-beam, and Kg. 
123 gives the 8-polygon for a 10-in. 25-lb. channel. 

These polygons are drawn to the same scale so that the relative strength of the two sections 
is proportional to their sizes. It can be seen at once that the advantage is in favor of the I- 
beam section. In the same way, any sections can be compared by this method. 

Another problem of considerable importance is the determination of the planes of greatest 
and least strength for any given section. In this way it is possible to place a section in such 
a position that its plane of greatest resisting moment coincides with the plane of the bending 
moment, and the section is used to its greatest advantage. It is also possible to avoid loading 
a beam in the plane of its least resisting moment. 

From eq. (4) of Art. 107, it can be seen that the fiber stress varies inversely as the value of 
S. Therefore the plane of greatest strength is the one with the largest Sy and the plane of least 
strength is the one with the smallest S. The values are measured as shown by the vector OE 
of Fig. 119. 

The plane of greatest strength in bending of the rectangle, I-beam, and channel sections, 
as shown by their S-polygons, (see Figs. 121, 122, and 123) is in the plane of the OY axis. By 
an inspection of the S-polygons, it can be seen that the plane of least strength is perpendicular 
to the S-lines, for on these planes the values of S are a minimum. There will be four such 
planes for the rectangle and I-beam sections, one for each S-line. For the channel section 
there two planes of least strength, one perpendicular to the S-line a and another perpendicular 
to S-line 6. 

The angles which these planes make with the axis OX can be determined from a large scale 
drawing of the section by means of a protractor. The angles can also be determined by means 
of a proposition of Analjrtical Geometry which states that when a line is perpendicular to a given 
line, the slope of the perpendicular is the negative reciprocal of that of the given line. Thus 
from the equation of the 8-line for fiber A, as given by eq. (6), Art. 108, the slope of the perpen- 
I Va 

dicular is + For the rectangle of Fig. 121, we find from the data given in Art. 110 (a), 

i* xa 

that the angle between the OX axis and the plane of least strength, as determined from the above 
equation, is 

8 6 

tan of slope = X r = +0.167, or slope angle « 9 deg. 30 min. 

1 


This plane is shown in position on Fig. 121. 

Ilie determination of the planes of greatest and least strength of the angle section, for which 
the S-polygon is shown in Fig. 124, is not as simple a matter as for sections of rectangular form 
due to the unsymmetrical form of the 8-polygon. From an inspection of the S-polygon of Kg. 
124, it is evident that the angle section has its greatest strength as a beam for the plane of loading 
for which the fiber sti esses, and hence the values of /S, for fibers A and D are equal. This plane 
can be located by trial by means of a straight edge and a pair of dividers. It can also be located 
by means of eq. (5) of Art. 107. If values of 8, as given by eq. (5) for fibers A and D, be 
equated and the resulting expression be solved for the result will be the desired plane of great¬ 
est strength. Performing the operation indicated above, we have 


tan B * 


Is Xa + xp 
ly Va Vd 


For the angle section whose S-polygon is shown in Fig. 124, xa « +1.61, va 
+0.59, VD »• -3.40; ly » 11.75, and /» =* 2.25. Prom the above equation 


11.75 1.61 +0.59 
tans -X26'2.60-8.40 


+14.85, 


+2.60; xd 
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or, d “ 86 deg. 6 min. This plane of loading is shown in position on Fig. 124. The plane of 
least strength is determined by methods similar to those used for the rectangle. It is shown 
on Fig. 124. 

In the above discussion the planes of greatest strength have been located and are shown 
in position on a few of the sections in general use as beams. To secure the best results, it is 
evident that the section should be so placed that the plane of bending and the plane of greatest 
strength coincide. It is not possible, however, to realize these ideal conditions in all cases. 
This is due to the fact that the methods of attaching the beam section to its supports determines 
the position of the beam. Thus beams supported on a sloping surface must usually be set with 
their faces perpendicular to the supporting surface. ^ In Sect. 3, Ait. 127, details of purlin con¬ 
nections are shown which bring out this point. 

When an angle section is used as a beam, it should be 
placed as shown in Fig. 129(a), for as shown by the S-polygon, 
this position is very close to its position for greatest strength for 
bending in a plane which is vertical or nearly so. At the same 
time, attachment to the supporting structure is readily made. 

Z-bars are seldom used as beam sections, as it is difficult 
to obtain them except in large quantities. From the S-polygon 
for this section, Fig. 125(a), it can be seen that for the position shown in Fig. 129(6), the section 
is advantageously placed for bending in a vertical plane. 

The T-bar, as shown by its S-polygon, Fig. 125(6), does not form an ideal beam section, 
due to the fact that the fiber stresses on the extreme fiber of the stem arc much greater than 
those on the flange. In any case it is desirable that the section be placed with the stem down. 
The upper, and wider face, is then in compression, which increases the lateral stiffness of the 
section. 

In some types of roof covering, T-bars closely spaced, are used to support tile or short 
span slabs carried directly on the T-bars. The stem of the T is placed up, the bottom flange 
forming a support for the title. From the discussion given above, it can be seen that the T-bar 
is not well placed in this type of construction, for the narrow stem of the T is in compression, 
and is lial^le to fail due to insufficient lateral support, unless low working stresses are maintained. 
The material is then not used to as great advantage as in the other sections considered. 

118* Tables of Fiber Stress Coefficients for Beams.—The variety of conditions encountered 
in problems in unsymmetrical bending renders it impractical to attempt any very extensive 
tabulation of fiber stresses in beams. Each case must be worked out by means of the general 
equations or the S-polygon methods given in the preceding articles. Where S-polygon methods 
are to be used to any great extent, it will save time if the S-polygons of standard sections be 
plotted on tracing cloth, or some transparent material. The required S can be plotted on a 
sheet of paper, as explained in the illustrative problem, p. 88. By laying the plotted S- 
polygons over the required and shifting to different sections, the desired section can readily 
be determined. 

There is, however, one very important and frequently encountered condition of unsym¬ 
metrical loading for which tabulations of fiber stress can be made. The case referred to is that 
of loading in a vertical plane on sections inclined at an angle to the vertical. 

Table 1 gives coefficients for I-beams; Table 2 gives values for channels; and Table 3 
gives values for angles. The fiber stress in any case is obtained by multiplying the moment, 
My by the coefficient given in the tables. The sketch shows the conditions for which the values 
are given. These tables were taken from articles by R. Fleming, which appeared in the Eng. 
Rec.j March 3, 1917, and in the Eng, News-Rec., Feb. 27, 1919. 



/hrizonM ^ 
CoJ Cb) 

Fio. 129. 



Sec. 


ELEMENTS OF STRUCTURAL THEORY 


91 



p-ftcal 

l0(xffng 


Tablk 1.—Fibkr Stress Coefkicients, Bending Moment Dot to 
Vertical Loading on I-beams 


I-beam 

Pitch of root in inches per foot 

section 

0 

1 


2 

3 

4 

5 

6 

7 

8 

0-in. 

0 138 

0 212 

0 

284 

0 352 

0 413 

0 473 

0 526 

0 573 

0 614 

7-in. 15 -lb 

0 097 

0 153 

0 

208 

0 .iiOU 

0 308 

0 353 

0 393 

» 430 

0.401 

8-in. 18 -lb. 

0 070 

0 114 

0 

157 

0 190 

0 234 

0.208 

0 300 

0 328 

0.352 

9-in 21 -Ib. 

0 053 

0 088 

0 

121 

0 153 

0 183 

0 210 

0 235 

0 257 

0.277 

10-in. 25 -lb 

0 041 

0 009 

0 

096 

0 122 

0 146 

0 168 

0.188 

0 200 

0 222 

l2-in. 3lK-lb 

^ 0 028 

0 050 

0 

071 

0 091 

0 no 

0 127 

0 143 

0.157 

0 170 


r Yerficaf 
r hcafing 



Table 2.—Fiber Stress Coefficients, Bending Moment Dub to 
Vertical Loading on Channels 


Channel 

section 




Pitch of roof in inches per foot 




0 

1 

2 

3 

4 

5 

6 

7 

8 

6-in, 8 -lb. 

0.231 

0 396 

0 557 

0 709 

0 851 

0 982 

1 101 

1 207 

1 .301 

7-in. 9?i-lb. 

0 106 

0 290 

0 422 

0 542 

0 655 

0 758 

0 852 

0.935 

1.010 

8-in. llK-lb. 

0 124 

0 228 

0 330 

0 427 

0 517 

0 600 

0 076 

0 743 

0 804 

9-in. 13>i-lb. 

0 095 

0 180 

0 263 

0 342 

0 415 

0.483 

0 545 

0.600 

0.660 

10-in. 15 -lb. 

0 075 

0 145 

0 2U 

0 279 

0 340 

0 397 

0 448 

0 494 

0 535 

12-in. 20H-lb. 

0 047 

0 094 

0 141 

0.184 

0 225 

0.263 

0.298 

0.320 

0 357 
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Table 3.—Fiber Stress Coefficients, Bend¬ 
ing Moment Due to Vertical Loading 
ON Angles 


Angle eeotion 

Pitch of roof in inches per foot 

0 

1 

2 

3 

4 

5 

fl 

7 

8 

2H X 2 X -in... 

3.49 

3 30 

3 11 

2 88 

2 68 

2 46 

2 30 


2 01 

2H X 2 X He-in. 

2 01 

2 76 


2 41 

2 22 

2 04 

1 90 


1 67 

3 X2HXH -in. 

2 33 

2 22 

2.10 

1.98 

1.85 

1.71 

1.60 


1.38 

3 X2H X Me-in. • • 

1.89 

1 83 

1.73 

1 63 

1 51 

1 41 

1 30 


1.15 

3H X 2H X H -in.. . 

1 80 

1 69 


1 46 

1.35 

1 22 

1.16 


1.12 

3H X 2M X He-in ... 

1 47 

1 39 

1.31 

1 22 

1 14 

1.02 

0 96 

0.89 

0.93 

4 X 3 X He-in.. . 

1.06 1 


0.94 

0 88 

0.81 

0.75 

0 60 

0 65 

0.66 

4 X3 XH-in... 

0 92 

0 87 

0.81 

0 75 

0 70 

0 63 

0 59 

0 55 

0.52 

5 X 3H X He-m... 


0 65 

0 61 

0 66 

0 51 

0 47 

0 43 

0 41 

0 48 

5 X 3H X H -in 

0 60 

0.57 

0 53 

0 48 

0 43 

0 40 

0 37 

0.35 

0 41 

a X 4 XH -in... . 

0 41 

0 38 

0 35 

0 32 

0 29 

0 27 

0 25 

0 27 

0.30 

6 X4 X He-in.,.. 

0 35 

0.33 

0 31 

0.28 

0.25 

0.23 

0.22 

0 23 

0.26 


114. Variation in Fiber Stress Due to Changes in Position of the Plane of Bending.— 
Vhe S-polygon shows in a striking manner that small changes in the position of the plane of 
loading cause relatively large changes in the fiber stress on a given 
point in the section. This variation in position of the plane of loading 
may be due to a variety of causes. The deflection of the beam under 
loading may tend to twist the section about its longitudinal axis, thus 
changing the position of the plane of bending from that assumed in the 
design. In the case of wooden beams, warping of the timber may have 
a similar effect. To counteract these effects, the beam should be held 
rigidly in line by some form of lateral support. Bridging in wooden 
fioor construction is one method of providing this lateral support. 

The effect of a small change in the position of the plane of loading 
will now be shown graphically by means of an S-polygon. Fig. 130 
shows the S-polygon of a 10-in. 25-lb. I-beam, data for which are 
given in Art. 110(5). A comparison will be made of fiber stresses for 
bending in the plane of the OY axis, and for bending in another 
plane 1 deg. away from the first plane; that is, for 9 « 90 deg. and 
89 deg. respectively. By scale from Hg. 130, we have 8i *= 24.4 
in*, for ^ « 90 deg., and 8% * 21.3 in*, for ^ » 89 deg. *fhe result¬ 
ing fiber stresses are: /i » 0.04099 M, and /a * 0.04796 M. These 
values differ by 14.6% of /x. Values of 8 are also indicated for 
bending planes at 6 and 6 deg. from the axis OY. At this place the 
stresses differ by about 7.5%. 

It can be seen by comparing the calculated values given above, and also by inspection 

from Fig. 130, that this percentage is a maximum for planes of loading near the OY axis. 

In narrow deep sections, the fiber stress increase is large for a relatively small change in the 
direction of the plane of loading. To avoid this effect, beam sections should be chosen from 
rolled shapes or rectangular sections which have considerable lateral rigidity. If narrow sec¬ 
tions must be used, they should be thoroughly braced to prev^t overturning. 

It is also interesting to note the change in position of the neutral axis due to changes in the 
plane of bending. This effect is best studied by means of eq. (1), Art. 106. For the beam see- 



Pio.. 130. 
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tion considered above, suppose, as before, that the plane of bending is 1 deg. from the axis OKj Of 
^ a. 89 deg. in eq. (1). Then 


tan a « — (/*//„) cotan. $ 


( - 122.1) (0.01746) 


6.9 

tan a « -0.309, or, a « 180® - 17® 10' 

It will be noted that a 1 deg. change in the position of the plane of bending causes a IT^eg- 
change in the position of the neutral axis. 

Table 4 gives the percentage change in fiber stress and the corresponding change in the 
position of the neutial axis due to a 1-deg. change in the direction of the plane of bending from 
the OFaxis of standard I-beam and channel sections. These values were calculated by the meth¬ 
ods given above. 


Table 4.—Pebcentagb Incbeasb in Fiber Stbbss and Change 
IN Position op Neutral Axis pob a One-Degree Change 
IN Direction oi Plane op Bending. 


Section 

/» 

ly 

Increase in 
fiber stress 
(per cent.) 

Change in 
slope of neu¬ 
tral axis 

a 

(degrees) 

20-tn. 05-lb. I-beani 

41 8 

22 8 

36® 10' 

18-in 55-lb. 1-boam 

37 5 

21 8 

33® 15' 

15-in. 42-<lb. I-beam. 

30 2 

19 A 

27® 50' 

12-m. 31J-^-lb. I-beam 

22 7 

16 5 

21® 35' 

10-in. 25-lb. I-beam. 

17 7 

14 4 

17® 10' 

0-in. 21-lb. 1-beain 

16 4 

13 8 

16® 0' 

8-ia. 18-lb. I-beam. 

15 0 

13 1 

14® 40' 

7-in. 15-lb. I-beam. 

13 5 

12 3 

13® 20' 

0-in. 121^-lb. I-beani. 

11 8 

11 5 

11® 40' 

15-in. 33-lb. channel 

38 1 

23 2 

33® 40' 

12-in. channel 

32 8 

21 4 

29® 50' 

lU-in. 15-lb. channel 

29 1 

19 9 

2r 0' 

9-in. 13f^-lb. channel 

20 3 

18 5 

24® 40' 

8-in. liyiAb. channel 

24 8 1 

18 2 

22® 55' 

7-in. 9J4-lb. channel 

21 5 

16 5 

20® 35' 

0-ln. 8-lb. channel 

18 6 1 

15 2 

18® 0' 



116. Deflection of Beams Under Unsymmetrical Bending.—The amount and direction 
of the deflection of a beam subjected to unsymmetrical bending is often desired. To determine 
the desired deflection, the bending moment can be resolved into its components parallel to the 
principal axes of the section and the deflection determined for these component moments by 
means of the usual formulas for the case in question. The required resultant deflection is equal 
to the vector sum of the component deflections. 

Suppose the rectangular section of Fig. 131 is subjected to bending in a plane at an angle 
6 to axis OX due to a uniform load of w lb. per foot. Required the amount and direction of 
the resulting deflection. 

As the components of moment parallel to the axes OX and OF are proportional to the com¬ 
ponents of the applied load for these same axes, the deflection parallel to the axes can be written 

from the deflection formula for uniform loading, which is, d ^84 ^ (see Art. 66). For 

the component of load parallel to the OX axis, we have from the above formula 

5 I* w cos $ 

and for the load parallel to the OF axis, we have 

, 6 P w sin B 

‘*■'’■ 384 ®' /. 

whetre and d^, arc the components of deflection for the OX and OF axes respectively. 
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The vector sum of these deflections is 

d = 

where d is the desired deflection. Substituting the above values of d* and dy, we have 


, _ 5 wl* flx^ cos^ B -f sin^ 0\ H 
"" :m E \ 




From Fig. 131(a) the angle which the resultant deflection makes with axis OX is 


tan /» = V 

dm 


tan 0 


(16) 


(17) 


As this expression is the negative reciprocal of that given in eq. (1), Art. 106, it can be seen that 
the direction of deflection is perpendicular to the neutral axis for the given plane of bending. 
If the loading conditions differ from those assumed in the above analysis, it is only neces- 

lA 

sary to change the value of the constant ^.184 of t'Q- (16) to meet the required conditions. 

E 



The amount and direction of deflection can also be determined by graphical methods which 
are based on certain properties of the ellipse. Eq. (16) can be written in the form 

^ ^ X ~ where D = ( __ \ 

^ 384 jB7 ^ ^ cos=^ 6 -|- // sin* $) 


This value of D can be shown to be the equation of an ellipse with major and minor axes 7* and 
/y. Fig. 131(6) shows the D-ellipse for a rectangular section. The vector D, measured as 
shown in Fig. 131(6), gives the denominator of the above equation for loading on the given 
plane. 

As stated above, the direction of deflection is perpendicular to the neutral axis. The 
neutral axis can be located by means of the inertia ellipse of the section. A complete discussion 
of the inertia ellipse will be found in advanced works on Mechanics, to which the reader is 
referred. 

Fig. 131(c) shows the inertia ellipse for a rectangular section. It is constructed with major 
and minor axes equal to the radii of gyration of the section for the axes OX and OF. To 
locate the neutral axis, draw through point 0 a line parallel to the plane of bending. Draw 
a-a, any chord of the ellipse parallel to the plane of bending. Bisect this chord, and through 
its center point draw a line n-n which passes through the point 0. This line is parallel to the 
direction of the neutral axis for the given direction of bending. This construction is based on 
the fact that eq« (1) expresses the relation which exists between the conjugate diameters of 
an ellipse. 

A line perpendicular to n-n gives the direction of the desired deflection, as shown in Fig. 
131(c). 



SECTION 2 


DESIGNING AND DETAILING OF STRUCTURAL MieMBMPp AND 

CONNECTIONS 


STEEL SHAPES AND PROPERTIES OF SECTIONS 

By Walter W. Clifford 

1. Steel Shapes.—The steel used in structures is in the form of single pieces^ or combinations 
of two or more pieces, to which the general terra shapes is applied. The procedure in the manu¬ 
facture of these sha^ics consists of the following operations: (1) smelting iron ore and producing 
pig iron; (2) converting the pig iron into rectangular prisms of steel, called ingots; and (3) rolling 
the ingots to the desired shapes. 'Hie shapes used in building construction are: square and 
round rods or bars, flat bars oc flats, plates, angles, channels, I-beams, H-sections, zees and tees. 
Flat members 6 to 7 in. wide and less are usually designated as bars or flats; over 6 to 7 in. wide 
are designated as plates. Zees and tees are not now used to any great extent. Zees have 
been used extensively for columns but are rapidly becoming obsolete. H-sections are designed 
for use as columns. 

The process of rolling I-beams, channels, angles, etc., is in general as follows: The ingots 
are hcMtod to a uniform temperature in soaking pitsy and then are taken out and passed 
several times through a set of rolls, called blooming rolls. These rolls give to a piece only 
the general shape (rectangular, flat, or square) of the finished product. The next step is to 
pass the steel through the roughing rolls, and then the piece is passed to the 
finishing rolls where the final shaping takes place. The pieces, still very hot, 
are then passed on by movable tables to ciicular saws where they are cut into 
required lengths. 

The usual method of increasing sectional area of standard shapes is shown 
in Fig. 1. For example, suppose it is desired to roll channels or I-beams 
having the same depth, but different thicknesses of web. These sections are 
always rolled horizontally and the increa.se in thickness of web is accomplished by changing the 
distance between the rolls, the effect being to change the width of flange as well. Thus, two 
beams with the same height but different weights differ simply by a rectangle as shown. It 
will be seen, also, that for an angle with certain size of legs the effect of increasing weight is to 
change slightly the length of legs, and to increase the thickness. 

Some beam, girder and H-sections are shaped by four rolls instead of the two grooved 
rolls used for manufacturers^ standard shapes. The use of so many rolls makes possible a 
variation of height as well as width, and both are increased with additional weight in H-sections. 

Plates when rolled to exact width, the width being controlled by a pair of vertical rolls, 
are known as universal mill or edged plates. Plates rolled without the width being controUed 
have uneven edges and must be sheared to the correct width. Such plates are known as sheared 
plates. 

The properties of the standard shapes manufactured by the different steel companies are 
the same. The standard shapes of the Assoc, of Am. Steel Mfrs., are rolled by all mills, but 
each company also has its own list of special shapes. These special shapes, which are different 
for the different mills, are not as likely to be in stock as the standard shapes. 

The different steel companies, rolling structural sections, change the dimensions and 
weights of their structural sections from time to time. Consequently, the designer should 
always consult the latest handbooks of the steel companies for information concerning the 
structural shapes. 




Fig. 1. 


95 



96 HANDBOOK OF BUILDINO CONSTRUCTION (Sac. 2-2 

Standard I-beams are rolled in depths from 8 to 30 in. and standard channels from 8 to 15 
in. For each depth of I-beam and channel there are several standard weights. 

Minimum sizes of steel shapes are more likely to be found in stock and are the most effi* 
cient for resisting bending considering the weight of material used. The rolls are made espe¬ 
cially for these sections and the heavier sections for a given depth of beam are obtained by 
spreading the rolls as explained above. 

I-beams and channels, 15 in. and under, and angles 6 in. and under, take the hose price. 
Heavier sections are charged for at a higher rate, usually 10 c. per 100 lb,, above base price. 

2. Properties of Sections.—The fundamental properties of sections may be said to be: 
sectional dimensions, location of the center of gravity, and the moments of inertia about the 
various axes. The distance from the center of gravity to the most stressed fiber c; the section 
modulus and the radius of gyration r, follow from these. 

The method of finding the center of gravity is explained in Sect. 1, Art. 44. The derivation 
and use of I and S are explained in the chapter on ‘^^rnple and Cantilever Beams'^ in Sect. 1. 
The use of r is considered in the chapter on Columns** in Sect. 1. 

To facilitate the work of the designer, certain so-called properties of steel sections are pub¬ 
lished. The facility with which a designer can find and use these properties, which are given 
in manufacturers’ handbooks and elsewhere, has much to do with the amount of work which he 
can accomplish. 

It is not intended to include in this handbook steel tables similar to those which are avail¬ 
able in the steel manufacturers* handbooks or in Ketchum’s “Structural Engineers’ Handbook.” 
Articles which follow, however, give the necessary general information concerning such tables 
and their use. 

2a. Properties of Wood Sections.—Wood sections are commonly rectangular 
and therefore easily designed by the fundamental formulas. It should be remembered, how¬ 
ever, that the actual sizes of dressed lumber are not the nominal sizes. This handbook gives 
all the tables commonly needed for the structural design of wooden members, but tables 
are also published by various lumber associations. The “Southern Pine Manual**^ contains 
excellent tables. This manual gives I and S for various sections; tables of allowable uniform 
loads for plank and beams, considering moment, shear, and deflection; and tables of column 
loads. In addition there are tables of allowable loads for trussed beams and much miscel¬ 
laneous information about yellow pine. 

25« Properties of Steel Sections— Beams. —The steel manufacturers* handbooks 
give very complete tables of properties of steel sections. Uniformly loaded I-beams, channels, 
and angles should be selected from the tables of safe or allowable uniform loads. These tables. 
can also be adapted for other loadings, such as for a load concentrated at the center, in which 
case a beam should be selected which will carry twice the load, uniformly distributed. For a 
number of load concentrations, approximately equal in amount and spacing, the load may be 
considered as uniform. 

For irregular loadings on I-beams and channels the moment and shear should be computed 
and the tables used which give the allowable resisting moment and shear of the various shapes. 
If desired, however, the beams may be designed by computing the section modulus and select¬ 
ing the proper size of beam from the tables of properties. Angles, tees and other miscellaneous 
shapes used as beams must usually be designed by use of the section modulus, as few tables of 
safe loads or resisting moments and shears are given for these shapes. 

Bethlehem beams and girders differ from the manufacturers* standard sections rolled by 
other manufacturers. The beams have heavier flanges, and, where moment is the consideration, 
they are lighter for the same strength than other sections. Their webs are lighter than in 
standard sections. Bethlehem girder sections are, for their depths, the strongest sections rolled. 
They have nearly twice the carrying capacity of the manufacturers* standard seetbn for the 
same depth, but they are uneconomical where there is room for a deeper section. Tables of 
uniform loads lor Bethlehem sections are given in Bethlehem Handbook. The common prop¬ 
erties are also given. 

< Sotttharn Pin« Aatoolation, New Orleant, La. 
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Buiit-up steel beam properties usually have to be computed*with the proper^ee of iho 
component parts as a basis. Some properties of the more common plate-girder sections 
given in the principal steel handbooks. * 

To compute the moment of inertia, L of a built-up girder section about the neutral axis 
of the net section—^that is, when rivet areas on the tension side are to be deducted—^the moment 
of inertia is first computed about an axis through the geometrical center of the section and llben 
corrected so as to obtain the value about an axis through the center of gravity of the net seetkfn. 

In regard to the position of the neutral axis in a plate girder section Lewis K. Moore has 
the following to say in his book on the ‘‘Design of Plate Girders.** 

Some authors claim that the neutral axis should be determined by eonsidering the 
net section on the tension side and the gross section on the compression side. The net 
section exists only over a short proportion of the length of the beam and it seems very 
reasonable that the neutral axis should in general bo nearer the position which is deter¬ 
mined by using the gross area than that determined by using partly gross and partly net 
areas. It seems an entirely reasonable assumption that the axis does not shift violently 
up and down, but remains in substantially the same vertical position throughout the Fxq. 2. 

length of a properly designed beam It seems reasonable that this position will be 

nearer to the neutral axis of the preponderating section, which is the gross section. The truth of the matter pro* 
bably is that the neutral axis lies somewhere between the two extreme positions determined by the two methods 
mentioned above and probably nearer to that determined by using the gross section. 

In keeping with Mr. Moore's discussion the resisting moment of a plate girder is usually 
determined by considering the neutral axis through the center of gravity of the gross area and 
then finding the moment of inertia about that axis deducting for the rivet holes in the tension 
flange. 

The following example illustrates the method of computing I about the neutral axis of 
the gross section by the rules and methods given in Aits. 44 and 61p, Sect. 1. A girder is 
assumed as shown in Fig. 2 with three ^-in. rivets in the tension side of the section. 


I 


Diet, c of Q, of part 
to c. of y. of 
whole 


2 cover plates. 


Flange rivet holes. 
Web rivet hole.... 


18 sq. in. 
23 sq. in. 
14 sq.in. 

55 sq. in. 

—1.75 sq. in. 
-1.31 sq. in. 

3.00 BQ. in. 


0 

16.67 in. 
18.5 in. 


18.25 in. 
14.75 in. 



0 

6310 in.« 
4800 in.« 


31.9 in.* 683 in.« 
19.3 in.* 283 in.« 


1944 in.« 
80in.« 


1,944 in.« 
6,390 in.4 
4,800 in.* 

13,134 ia.« 


Net area 51.94 sq. in. 


The allowance made for a rivet hole is for a hole in. more in diameter than the diameter 
of the rivet—^that is, % in. for a ?i-in. rivet. The properties of the 
■ —a jww* plates may be taken from tables in the steel handbook or may be easily 

I computed. The area and 1 for the angles may be taken directly from 
j the handbook (properties of angles). The x distance used for an angle 
I ^ is one-half the distance back to back of the angles, less the distance from 
I the back of the angle to its center of gravity. Ai^ of rivet holes may 
commit be taken from the steel handbook or from table on p. 270 of this hand- 
Fia. 3. book. / for the cover plates and rivet holes is neglected. 

The same general form of computation may be used for bttllt**up 
chord sections. In the following computations for radius of gyration, a chord section as 
idiown in Fig. 8 is assumed. 
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Member 

• 

A 

X 

(above 
bottom of 
section) 

Ax ‘ 

A** 

■ 

/ + Asr* 

Top plate. 

6 0 in.* 

10 7 in. 

64 2 in » 

687 in.* 


687 in.* 

2 web platee. 

7 5 in.* 

.5 25 in. 

39 4 in * 

i 207 in.* 

2.50 in.* 

457 in.* 

2 top angles . 

4 22 in.* 

9 61 in. 

40 5 in • 

.389 in.* 

4 in.* 

393 in.* 

4 bottom angles. 

8 44 in.* 

0 89 in. 

7 5 in « 

7 in.* 

7 in.* 

14 in.* 


26 16 in.* 


151 6 in.* 



1551 in.* 


2 ^ ^ 5.8 in. distance of center of gravity above bottom of section. 

1551 — (26.16) (5.8)* 671 in.* » I about center of gravity of entire section. 

Columns. —I-beams are occasionally used as columns. Their properties will be found as 
noted under beams. The only rolled steel column section in common use is the H-section. 
The Carnegie Co. rolls 4, 5, and 6-in, H-sections; and the Bethlehem Co. rolls 8, 10, 12, and 
14-in. H-sections in a large range of weights. The properties of various built-up columns of 
pairs of channels, both latticed and with cover plates, and of plate and angle sections are 
given in the steel handbooks. Ketchum also gives properties of built-up column sections. 
For general method of computing I and r for compound sections, see preceding article. 

There are also patent columns such as Lally columns, ^ and cast-iron columns for second-class 
construction or light loads, whose properties are given in books issued by the manufacturers. 

Struts and Ties .—In the design of struts and ties, it is found convenient to have tables giving 
the values of the radius of gyration r, and also tables giving net areas deducting rivet holes. 
The principal steel handbooks give values of r for pairs of different angles back to back, and 
also the net areas for angles. It should be noted that the minimum r foi a single angle is not 
about an axis parallel to either leg. This minimum r is given in the tables of the properties of 
angles. 

2c. Properties of Concrete Sections.—Various tables and curves for concrete 
design are published both in this handbook and in Hool and Johnson’s Concrete Engineers’ 
Handbook,” also in “Reinforced Concrete Design Tables” by Thomas and Nichols. 

2d. Properties of Cast-iron and Miscellaneous Sections.—The shapes in which 
materials like cast-iron and masonry are used are not standard. There are therefore, in general, 
no available tables of properties. Recourse must be had to the general principles previously 
given. Sections in these materials can ordinarily be divided into geometric figures. The 
properties of the more common geometric forms are to be found in the steel handbooks. 


WOODEN BEAMS 
By Henry D. Dewell 

Under this heading will be considered only timber beams and girders of solid and uniform 
section. 

Wooden beams are used in building construction generally as joists or girders supporting 
vertical loads only. Certain exceptions to this general rule are cases in which timbers may be 
employed in wall framing, as girts or vertical beams, to resist the lateral force of wind. 

3. Factors to be Considered in Design.—The factors determining the selection of the size 
of a wooden beam are: 

(a) The maximum unit fiber stress in bending must not be excessive. 

1 Th« Lally Column Co.. New York and Chioaffo. 
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(6) The maxmaum unit stress due to horizontal shear must not be excessive. 

(c) The deflection of the beam under maximum loading must be within the allowable Unoit. 

(d) The depth must be within any limits of space between floor and ceiling^ or in accor¬ 
dance with any restrictions as to clear story height. 

(e) The cross-sectional dimensions should be of a size easy to obtain. 

(f) The cross-sectional dimensions should be considered as to requirements of details of 
connection. 

(^) One or both of the cross-sectional dimensions may be limited by the building, as in frame 
or mill construction. 

The fundamental bending formula used in the design of beams, is treated in the chapter on 
Simple and Cantilever Beams'’ in Sect. 1. Shear and deflection are also treated in the same 
chapter. 

4. Allowable Unit Stresses.—Unit stresses for design of wooden beams are usually pre¬ 
scribed by building ordinances for the various kinds of timber. These allowable stresses vary 
widely in different cities, the older ordinances in general prescribing lower limits than the more 
recent ones. The tendency in revising ordinances is to increase the allowable unit stresses in 
timber, at least for timber in bending. This feature is due largely to the efforts of the lumbei 
manufacturers’ organizations in competition with the constnntly widening use of reinforced 
concrete. At the same time these manufacturers, in conjunction with engineering organizations, 
are giving moie attention to the grading rules and to furnishing timber of uniform high quality. 
In comparing the allowable unit stresses found in various building ordinances the prescribed 
live loading must also be taken into consideration. For example, a limit of 1500 lb. per sq. in. 
in bending with a 60-lb. live load will give the same size beam as a 40-lb. live load with a limiting 
fiber stress in bending of 1000 lb. per sq. in. 

It is obvious that the allowable unit stresses are dependent on the quality of timber used. 
In this respect most of the newer building ordinances allow higher stresses for a select grade of 
lumber, whereas older ordinances make no distinction in grade, or, more accurately speaking, 
they prescribe for the grade of timber most likely to be used. 

6. Kinds of Timber.—The timbers most commonly used for wooden beams in building 
construction are long-leaf yellow pine and Douglas fir, the first being employed almost exclu¬ 
sively throughout the Eastern states, and the latter having its widest use in the Pacific Coast 
states. Less extensively employed, may be mentioned short-leaf yellow pine, white pine, 
Norway pine, spruce, hemlock and redwood. 

6. Quality of Timber.—The desired quality of structural timber is determined by speeifica- 
tione or by referring to the grading rules established by the different lumber manufacturers, 
the U. S. Department of Commerce, A. S. T. M., A. 11. E. A., and others. The lumber grades 
usually available are Select and Common, The Dense Select grade is sometimes available in 
Southern pine and Douglas fir. 

The designer may not control the construction of the building. If he does not, and sus¬ 
pects that his specifications may not be followed, he will be wise to use conservative stresses. 
Tables of suitable allowable unit working stresses for timber are given in the appendices at the 
endof Vol. II. 

7. Holes and Notches for Pipes, Conduits, etc.—Plumbers, electricians, and gas fitters are 
no respecters of architects and engineers, and have no hesitation in boring a hole or cutting a 
notch in a joist or girder. This fact is an additional reason for using conservative stresses in the 
calculation of joists and girders, and especially the former. 

8. Horizontal Shear.—In deep short beams the safe unit stress in horizontal shear may be 
the determining feature. This will seldom be the case in the design of joists, but may be a 
factor in the selection of the proper size for girders. In this connection the effect of possible 
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checks at the ends of the beam, in or near the horiaontal plane, should be considered* Such 
checks obviously decrease the section of beam for resisting sheaiing stresses. 

S. Bearing at Bnda of Beams.—Sufficient bearing must be provided at the ends of all beams, 
so that, with the maximum reaction at the support, the timber may not crush in side bearing. 
Most structural timbers are comparatively weak: in cross bearing. The details at the ends of 
timber beams are often poor, insufficient bearing area being provided, so that the beams could 
never develop their safe loads as determined by bending strength. In general no beam should 
have a smaller bearing area than given by the product of the width of the beam by 4 in. Details 
of end connections of beams and girders are discussed in Arts. 122 and 123. 

10* Deflection.—If a beam has insufficient depth for its span, it will deflect excessively. 
The result may be a cracked ceiling, if the latter is plastered, or, in an unplastered building, 
merely a floor that shakes when walked upon. The limit of deflection of a timber joist is 
generally placed at Meo of the span. 

Timber is different from the other building materials, such as steel or concrete, in that, if 
loaded excessively with a constant load, its deflection will continue to increase with no increase 
of load, even though the maximum unit stress in bending be within the elastic limit of the par¬ 
ticular timber. For this reason, many specifications require that the modulus of elasticity for 
^^dead,’’ or constant, loads be taken as one-half the modulus of elasticity used for ^Uive,” 
or occasional, loading, the latter quantity being the value determined from a short-time loading 
test. For example, the Am. Ry. Eng. Assoc, through the committee on ** Wooden Bridges and 
Trestles,” recommends ”To compute the deflection of a beam under long-continued loading 
instead of that when the load is first applied, only 50% of the corresponding modulus of 
elasticity given in the table is to be employed.” Tests by Tieneman' indicated that a beam 
may be loaded to within 20% of its elastic limit without danger of increase of deflection. 

The recommendation is here made that for constant or “dead” loads the modulus of elas¬ 
ticity be taken at % that given in the table in Sect. 7, Art. 10, while for occasional or “live” 
loading the full values of this table be used. 

11 . Lateral Support for Beams.—A timber beam needs to be supported laterally in the 
same manner as a beam of steel or concrete. Floor joists are braced by the flooring and also 
by the bridging, while the girders are held by the attachment of joists. 

In the case of a beam unsupported laterally, the maximum unit fiber stress in flexure 
should not exceed the value 

where fx » basic unit flexural fiber stress, I « span of beam in inches, and b * breadth of beam 
in inches.* 

12 . Sized and Surfaced Timbers.—The fact must always be borne in mind by the designer 
of timber beams that a variation from the nominal size of timbers is allowed by all grading rules; 
also, that if timber beams are sized, the actual depth is less than the nominal depth. Further, 
tf timber is bought from a local lumber yard, joists may come surfaced one side. In general, 
all-rail shipments of timbers are surfaced one side one edge (SISIE) while aflrwater ship¬ 
ments are not surfaced. The actual dimeneions of the finished stick must be used in all calcula¬ 
tions, Tables 1, 2, 3, 6, 7, 8. and 9 show the relation between actual sizes and nominal 
sizes. 

18 . Joists.—Joists usually carry only a imiform load composed of the weight of the joists 
themselves plus the flooring plus superimposed loads of people, furniture, etc. The latter 
loads are commonly termed “Uve” loads in contrast with the constant loads due to the weight 
of the floor construction itself, called “dead” loads. The joists carry the flooiing directly on 
thw upper surfaces, and are in turn supported at their ends by girders, bearing partitiotis or 

^ Set Eng, Uew§, vol. 82, pp. 218-217. 

* Propsrly th« factor Ho bolda only for the oaoe of umple beams loaded uniformly and at the third ptdnti, and 
for cantUerer beams with uniform loading. For a simple beam with tingle concentrated load at any point of span 
the factor is Hto* while lor quarter point loading the factor is He 
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bearing walls. Joists are always single sticks of timber. Joists may, and often do, etafy 
oentrated loads in addition to the unitorm loads mentioned above. Such concentrations lOay 
be caused by heavy pieces of furniture, safes, etc., by cross partitions resting on the iloor, of by 
special floor framing as required by openings in the floor. 

Many designs of joists or girders are faulty in that the designer has not considered such 
concentrated floor loads in addition to the uniform loading. In design, with the use of tables 
giving safe loads for timber, the beams selected thereby may not be suflicient for all eases of 
framing where loading has been assumed to be uniform. For such cases, the concentrations 
are sometimes reduced to equivalent uniform loads before entering the tables. A correct 
and satisfactory method, except for the simpler cases, is to compute the separate bending 
moments due to each load and combine these partial moments to get the amount and position 
of the maximum moment. The combination of the partial moments may be quickly accom** 
plished by graphical methods, as illustrated in Art. 46. Having this, the required section is 
easily found (see chapter on “Simple and Cantilever Beams,” Sect. 1). 

Table 6 gives the resisting moments of lectangular beams, computed on the basis of the 
actual finished sections, for maximum unit fiber stresses varying from 1000 to 2000 lb. per sq. in.; 
also the factors by which the moments in the tables are to be multiplied to get the resisting 
moments of the rough sections. 

14 . Girders.—Girders may be single sticks or composite sections. Girders usually sup* 
port joists, and in turn are supported by columns or bearing walls. When girders are carried 
otherwise than by columns, the fact must always be borne in mind that such girders deliver a 
concentrated load of some magnitude to the wall, oi bearing partition, and care must be taken 
to see that such wall or partition is strong enough in column action to carry the load imposed 
upon it by the girders. 

For ordinary building construction, where timber not better than No. 1 Common is likely 
to be used, it is recommended that the maximum unit fiber stress in bending for long-leaf yellow 
pine or Douglas fir be limited to 1500 lb. per sq. in., and the maximum unit longitudinal shearing 
stress be limited to 160 lb. per sq. in. For timber of the grade of Select Structural, or Select 
No. 1 Common, the unit flexural stress, computed always on the basis of actual finished sections, 
may be increased to 1800 lb. per sq. in., and the unit longitudinal shearing stress to 175 lb. per 
sq. in. 

Tables 1, 2, and 3 give the safe loads, deflection, and maximum unit shearing stre^es for 2, 
3 and 4-in. joists, respectively. The maximum unit fiber stress in bending is 1500 lb. per sq. 
in., computed on the finished size of joist. The deflection is based on a modulus of elasticity 
of 1,643,000. The maximum intensity of horizontal shearing stress is given for the shortest 
span. To use this table for other unit flexural fiber stresses, the values in the tables must be 
multiplied by the factors of Tables 4 and 5. 

lUttstrAtiTe Problem.—Required to find proper sise of joist to support a load of 5500 lb. on a 14-ft. span, with a 
fiber stress of 1200 lb. per sq. in. 

From Table 5 we find factor of multiplication to be 1.250. The new load to use in entering Tables 1, 2, and 3 
is therefore 5500 lb. X 1.250 6S70 lb. From Table 1 it is seen that a 3 X 16-in. joist on a 14-ft. span has a safe 
carrying capacity of 7150 Ib. (at 1500 lb. per sq. In.). 

niftstratbre Problem.—Given a 2 X 14-in. joist on a 16-ft. span. Required the safe load as limited by a 
unit fiber stress of 1200 lb. per sq. in. in bending. From Table 1, the safe load for 1500 lb. pet sq. in. 
in bending is seen to be 3085 lb. From Table 4. the factor of multiplication is seen to be 0.80, giving the safe load 
as 2468 lb. 

Diagram on p. 102 gives a simple method for solving the strength of any timber beam 
as determined by maximum unit strength in bending, also for determining the proper sise 
of any timber beam to support a given load in bending. 

lUttStrativa Problem.—Given a total floor load, dead and live, of 174 lb. per sq. It., span 13 ft. 1 in. What 
sise joists, spaced 16 in. on centers, will support this load with a masdmum unit fiber stress of 18001b. persq. in.? 

Lay a fieiible straight edge, such as a card, on tiie diagram, p. 102, joining Point A (174 lb, per sq. ft.) with 
B (lO-in. spacing), and mark intersection C on Working Line. Pivoting card about G, connect C with D (13 ft. 

1 in.) and read 6000 ft.4b. at B. Connect E with F (1800 lb. per sq. in.), crossing Working Line at O, Pivoting 
card about G, set card on If^ in. (width of beam) at ff and read llH in. (depth of beam) at K, 
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16. Explanation of Tables. —In Tables 1, 2, and 3, the first line of figures in each group 
resents the safe load for the particular beam, including the weight of the beam itself. Tlib 
second line of figures gives the deflection in inches for the beam at the maximum safe load, com“ 
puted for a modulus of elasticity of 1,643,000 lb. per sq. in. The third figure, where such figure 
occurs, indicates the maximum unit horizontal shearing stress. The shearing stress is given, 
only in those cases in which such shear is in excess of 150 lb. per sq. in. All quantities in these 
tables are based upon the surfaced sizes of sticks. To obtain the safe loads for the rough or 
full nominal sizes of timber, the loads of Tables 1, 2, and 3 must be multiplied by the ‘^multiply 
ing factors " of Table 6. These tables have been adapted from similar tables in the “Structural 
Timber Handbook on Pacific Coast Woods “ published by the West Coast Lumbermen's 
Association. 

Tables 7, 8 and 9 give for timber joists: (1) the safe loads corresponding to a maximum 
flexural stress of 1800 lb. per sq. in., indicated in the tables by the letter “jB”; (2) the safe load, 
uniformly distiibuted, limited by a maximum intensity of horizontal shear of 175 lb. per sq. in., 
indicated in the tables by the letters the uniformly distiibuted load that produces a 

deflection of Ho iu. per foot of span, indicated in the tables by the letter “D”; and (4) the deflec¬ 
tion in inches for a load of 10001b., uniformly distributed, indicated in the tables by “ Dl. 
All deflections are computed for a modulus of elasticity of 1,620,000 lb. per sq. in. All loads 
and deflections are computed on the finished or surfaced sizes of joists. For convenience, the 
section moduli of the various sizes of joists are given, based on finished sizes. These tables 
are taken from the “Southern Pine Manual*' published by the Southern Pine Association. 

Attention is called to the vaiiation of sizes of finished joists in Tables 1, 2, 3 and Tables 
7, 8, and 9, representing the difference between the standards of the West Coast Lumbermen's 
Association and the Southern Hne Association, the finished sections of the Southern Pine 
Association utilizing a greater percentage of the rough timber than the standards of the West 
Coast Lumbermen’s Association. All sizes of joists in Tables, 1, 2. and 3 (West Coast Lumber¬ 
men’s Association) are for joists surfaced one side and one edge, or surfaced four sides (S4S). 
All sizes in Tables 7, 8, and 9 (Southern Pine Association) are for joists sui faced one side and 
one edge (SlSlE). 

Attention is called to slight changes which have been made in the standard sizes of struc 
tural timbers and which affect some of the values given in the tables following. The reader is 
referred to the present American Lumber Standards, A. S. T. M. Standards and Tentative 
Standards, Standards of the U, S. Bureau of Standards, A. R. E. A. Standards, etc., for the 
latest information in regard to lumber sizes and standards. 
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Tablb 1.—^Tablb or Safb Loads and Dbflbctions Fob Tiubbr Joists with Nominal 
Width of 2 InchoSi Uniformly Loadbd, Based on Maximttm Flbxdral Fiber 
Stress of 1500 Lb. per Sq. In. 
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TikBiiB 2 .*<^Tablb of Safb Loads abd DBFLBCTtoNs fob Tiubbb Joists with No¥Pr4J# 
Width of 3 Inches, Unifobmly Loadbd, Babbd on Maxihcm Flbxxtbal 
Fibbb Stbbss of 1500 la. pbr Sq. In. 



< dlSlE "• turfAced one side and one edge . 
S4S * enrffte«4 four »id«n. 
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T-ablb 3.—Table of Safe Loads and Deflections for Timber Joists with Nominal 
Width of 4 Inches, Uniformly Loaded, Based on Maximum Flexural 
Fiber Stress of 1500 Lb. per Sq. In. 


Sizea 

Hough siee 

1 4X4 

4X6 

4X8 

4X10 

4X12 

4X14 

4X16 

4X18 

Surfaced size 
SISIE or 84S» 

|3HX3>. 

3KX5K 

3HX7H 

3MX9H 

3MXUH 

3HX13H 

3HX15H 

sHxivH 


Section 

modulus 

7 15 

17 64 

32.81 

62.65 

77 16 

106.31 

140.16 

178 65 



r 2383 









3 

j 0 0705 










1 146 










r 1788 

4410 








4 * 

\ 0 125 

0 0797 









1 

172 









f 1430 

3528 








5 

1 0 196 

0 125 









f 1192 

2940 

5468 







Q 

0 282 

0 179 

0 131 








1 ... . 


166 








f 1021 

2520 

4687 

7521 






7 

\ 0 384 

0 244 

0 179 

0 141 







1 . . 



170 








r 2205 

4101 

6581 

9644 





8 


0 319 

0 234 

0 185 

0 153 







1 



180 







/ 1960 

3646 

5850 

8572 





9 


1 0 404 

0 296 

0 234 

0 193 







r 1764 

3281 

5265 

7715 

10,631 




10 


{ 0.408 

0 365 

0 280 

0 238 

0 203 






1 




160 






f 1604 

2983 

4780 

7015 

9,665 

12,741 



11 


0 603 

0 442 

0.349 

0 288 

0 245 

0 214 





1 ... 





176 






f 2734 

4388 

6429 

8,861 

11,670 

14,888 

.s 

12 



0 626 

0 415 

0 343 

0 292 

0 2.54 

0 225 

s 




1 





182 

a 

A 




f 2524 

4050 

5935 

8,178 

10,781 

13.742 

W 

13 



lo 617 

0 487 

0 403 

0 343 

0 299 

0 265 


1 A 



( 2344 

3761 

6511 

7,504 

10,011 

12,761 





lO 715 

0 665 

0 467 

0 397 

0 347 

0 307 


1 ft 



/ 2187 

3510 

5143 

7,087 

9,343 

11,910 


iO 



lO 822 

0 649 

0 536 

0 456 

0 398 

0 352 


1 A 




/ 3291 

4822 

6,644 

8,759 

11,166 


10 




lO 738 

0 610 

0 519 

0 453 

0 401 






f 3097 

4538 

6,254 

8,244 

10,508 


17 




10.834 

0 688 

0 586 

0 511 

0 452 






r 2924 

4286 



9,925 


18 




lO 935 


0 657 

0 572 

0 507 


1 o 





1 4061 

5,595 

7,376 

0,403 


IV 





10 860 

0 732 

0 637 



on 





f 3858 

5,316 


8,933 


t£V 





10.953 

0 811 


mmmi 


91 







6,674 

8,507 








\0 895 

0.779 

Km 


99 






/ 4,832 


8,120 








lixn 

0.855 



23 







/ 6,093 

7,767 









\ 0.936 

0.829 


24 








( 7,444 










10.901 










/ 7,146 


mO 








10.979 


1 SlSlpI surfaced ona aide and one edllBI* 
^ S#8 «i^Haoad four ija«fk 
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Table 4.—Factors by which Safe Loads in Tables 1, 2 and 3 Most be Mdltipli»I> to 
Find Safe Loads that Given Size of Joist will Support at a Unit Flexural 
Stress Other than 1500 Lb. per Sq. In. 

Table 5.—Factors by which Given Load Must be Multiplied to Find Equivalent 
Load to be Used in Entering Tables 1, 2, and 3 to Find Proper Size of Joist 
Table 4 Table 5 


Desired unit 

Factor of 


Desired unit 

Factor of 

fiber stress 

multiplication 


fiber stress 

multipliration 

1000 

0 667 


1000 

1.500 

1100 

0 734 


1100 

1 363 

1200 

0 800 


1200 

1.260 

1300 

0 867 


1300 { 

1 153 

1400 1 

0 933 


1400 

1 071 

1500 

1 000 


1500 

1 000 

1600 

1 067 


1600 

0 939 

1700 

1 133 


1700 

0 883 

1800 

1.200 


1800 

0.833 

2000 

1 333 


2000 

0 750 


Table 6.—Maximum Bending or Resisting Moments in Foot-pounds for Rectangular 

Beams 

Values in this table are based on surfaced siaes.^ To get values for rough sixes, multiply Resisting Moment lor 
any given siae by ^'multiplying factor** in dark t 3 rpe in same horizontal line 
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Titaioo 6.~>MAxn(OH Bmrowa ob Rbsisumo Mombbts in Foot-poonm fob BBOT 4 |ioiniAB 

Beaus— (Continued) 


Site “ Mul- 

- tiply- 

mg 

Nominal Actual‘ factor** 
(inchea) (inchee) 


Resisting moments in foot-pounds for safe fiber stresses in 
pounds per square inoh» as indicated 


1600 1800 2000 


ZHXim 

ZHXIXH 

3HX1S^ 

3HXl3h 

3HX15^ 

3^X15H 

3HX17Ji 

ZHX11¥l 

mx 5H 
6MiX 7W 
5HX m 
mxwM 
6^X13H 

mxxm 

6HX17H 

hHxim 

mx 7\i 
7WX m 
mxim 
7Hxim 
7J4X16H 
7WX17W 
7WX19H 

9HX 9H 
9^xim 
mxim 

9HX16H 

9HX17H 

mxim 

imxuH 

iiHxim 

imxisH 

UHXUH 

imxi9H 

13^X13^ 

13HX16W 

I3WX17H 

13HX19H 


10 xio 

10 X12 
10 X14 
10 X16 
10 X18 
10 X20 

12 X12 
12 X14 
12 xia 

12 X18 
112 X20 

114 X14 
14 X16 
14 X18 
14 X20 

10 XIO 
16 X18 
16 X90 
16 X22 
16 X24 

18 X18 
18 X20 
18 X22 
18 X24 
18 X26 


20 X20 i9HX19H 
20 X22 19HX2m 
20 X24 10HX23H 
20 X26 t9HX25H 
20 X28 19iix27H 
20 X30 



11679 
1163.71 12513 

1563.15 14888 

1674.80 15951 

2311 
4297 
6894 
10103 
13922 
18353 
23394 
3398.491 29047 

5859 
9401 
13776 
1537.741 18984 
2327.43 25026 
3349.611 31901 


678.761 11908 
1204.031 17450 
24047 
31700 
40408 
50172 

21123 
29109 
38373 
5136.071 48915 
60734 


9644 10286 
10332 11021 
13289 14174 
14238 15188 
17519 18686 
18770 20021 
22332 23821 
23926 25521 

3467 3698 
6446 6875 
10341 11030 
15155 16165 
20883 22275 
27530 29365 
35091 37430 
43571 46475 


11572 128 
12399 1377 
15946 1771 
17086 18 
21022 233 
22524 2502 
26798 29771 
28711 3190 

4160 4i 
7735 8594! 
12409 137 
18185 
25060 27 
33035 367 
42109 467 
52285 5 


2828.8li417t7.62i 285693 


8789 9374 10546 1171 

14102 15042 16922 11 

20664 22042 24797 2755 
28476 30374 84171 37 
37539 40042 45047 5005! 
74852 51042 57422 63 

59414 63374 71296 7921 

17862 19053 21434 2381 

26175 27920 31410 34 

36071 38475 43285 48..^ 

47550 50720 57060 68400 
60612 64653 72734 80816 
75258 80275 90310 100844 

31685 33797 38021 42246 
43664 46574 52396 58218 

57560 61397 59071 76746 
73373 78264 88047 97830 
91101 97174 109321 121468 

51258 54675 61510 68344 
67571 72075 81085 90094 
86133 91875 103360 114844 
106946 114075 128335 142594 

77580 82752 93096 108440 
98894 105486 118672 131858 
122789 130974 147346 163718 
149270 159221 179123 199026 
178332 190221 218998 237776 

111654 119098 133965 148872 
138633 147875 166360 184844 
168530 179765 202235 22470C 
201342 214765 241610 26845C 
237071 252875 284486 316004 

154476 164774185371 205968 
187790 200309 225347 250384 
224852 239309 260222 290134 
264164 261774 316996 352214 
307227 32n09 368672 409836 
358540 877109 424247 471386 


I This table is based on tables from the **Southern Pine Manual*’ of the Southern Pine Assoeiation« and the 
’Structural Timber Handbook on Paeifie Coast Woods" of the Weat Coast Lumbermen’s Assooiation. 

*nie standards of the latter association are as foUoim! 

"IXffieaston, Plonk and Small PimOers.—Sises—SlSlE or S4S: 2 X 3 to IH X 2H; 2 X 4 to 194 X 


8 X 6 to X CM: 8 X 8 to IK X 7K: 3 X 10 to 1« X OHi ? X 13 to IK X IIM! 3 X 14 to IHX 18H 
3 X 10 to IK X 1^! «te.i 8 X 4 to 8K X 8K: 8 X 0 to 3K X HU; 8 X 8 to 8K X fK; 8 X 10to% X *H: 
8 X 12to8K X 11M:8 X 14to8K X I8K;8 X lOtoSK X 16j*oto.:4 X 4to8K X 8KJ4 X OtoSK X «K. 
«te.; S X 8 to 4H X 4K; otoj 6 X 0 and 8, K la. oA eMh wmr- 

" P<iiih6rs.--&ia«e-^lS* SlSlE, or %S: 8 X 8 and larger H in. off each way. Standard lengths are 
nnlHides of 2 ft.** 

*^e standards of the Soutlim Fine Asso^tion for timber aurfaeod fom Mm are the same m those at the 
West Coast Lumberam's Assoeiatiom In, of the wtd^ ai^ depth. For matei^smlheM oits 

side one edge (0181B) their standi^ are off we nomibal width and ^ In. off the nomfnid depth. 
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Tablb 7«--Tabls of Safb Loads and DbifiiBctions fob Timbbb Joists With 
Width of 2 inchbs, Uniformly Loadbd, Babbd on Maximum Flbxubal 
Stress of 1800 Lb. per Sq. In. 
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Table 7.—Table of Safe Loads and Deflections for Timber Joists with Nominal 
Widths of 2 Inches, Uniformly Loaded, Based on Maximum 
Flexural Stress of 1800 Lb. per Sq. In.— {Continued) 


Bough siso 2X4 


IHX5H IHX7H 1«X9H iHXllH IHX13H mX15H I?ixi7> 



B 

17 

D 


D1 


D 

18 

D 


D1 


B 

19' 

D 


D1 


B 

20 

D 


D1 


B 

21 

D 

< 

D1 


B 

22 

D 


D1 


B 

23 

D 


D1 

1 

B 

.2 24 

D 

S 

D1 

«8 

Q. 

B 

® 25 

D 


! D1 


B 

26 

D 


D1 


*B 

27 

D 


D1 


B 

28 

D 


D1 


B 

29 

D 


D1 


B 

30 

D 


Dl 


B 

31 

D 


Dl 


B 

32 

D 


Dl 


0 2723 0 1892 


36 

24 
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Table 8. —Table of Safe Loads and Deflections for Tibcbeb Joists with NomNil< 
Width of 3 Inches, Uniformly Loaded, Based on Maximum Flexural 
Stress of 1800 Lb. per Sq. In. 


Surfaced sixe 
S1S1E< 


f 3528 
I 0 0233 
f 3320 
I 0 0455 
2773 
2542 
0 0787 


B 

® D1 
HS 
B 

7 I D 
Dl 
’ B 

HS 

B 

9 ^ 

® Di 

HS 

B 

10 < D 


3X8 

3X10 

3X12 

3X14 

3X16 

3X18 

2KX7H 

2HX9H 

2>4xnH 

2KX13M 

SHX15H 

2HX17H 

25.78 

41.36 

60.61 

83.53 

110 11 

140.36 

0.0310 






4812 






4410 






0 0493 






3867 






3625 






0 0735 

0.0362 






6097 





3437 

5515 





2865 






0.1047 

0.0515 

0 0291 






7378 




3093 

4963 

7273 




2320 

4715 





0.1437 

0 0707 

0.0398 




2812 

4512 

6612 




1918 

3897 





0.1912 

0 0941 

0 0530 

0.0328 






8662 



2578 

4136 

6061 

8353 



1612 

3275 

5808 




0 2481 

0 1221 

0 0689 

0.0426 




2380 

3818 

5595 

7710 




1373 

2790 

4949 





0.3156 

0 1553 

0 0875 

0.0541 

0.0357 







9947 



. 

2210 

3545 

5195 

7159 

9438 



1184 

2406 

4267 

6904 




0 3941 

0.1939 

0.1094 

0 0676 

0.0446 



2065 

3309 

4849 

6682 

8809 



1031 

2096 

3717 

6014 




0 4850 

0.2386 

0.1345 

0.0831 

0.0549 

0.0382 







11»228 


1934 

3102 

4546 

6264 

8258 

10,527 


906 

1842 

3267 

5286 

8001 



0 5887 

0.2895 

0.1632 

0.1009 

0.0666 

0.0463 


j 2920 

4278 

5896 

7772 

9,908 


1632 

2894 

4682 

7087 



[0.3472 

0.1958 

0 1210 

0.0799 

0.0555 


1SISIE atirfaoed one aide and one edce. 
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Tabim 8.--^Tabus of Safb Loads and Djdflbction$ for Txmbrr Joists with Nominal 
Width of 3 Inches, Uniformly Loaded, Based on Maximxjm Flexural 
Stress of 1800 Lb. per Sq In.—(C ontinued) 


Sites 

Rough sise 

3X6 

3X8 

3X10 

3X12 

3X14 

8X18 

3X18 

Sarf.rKl six. 
S181E> 


2«X7M 

2«X9H 

2«xn« 

2HX13H 

2HX15h 

2HX17H 

Section modulus 

13 86 

25 78 

41 36 

60 61 

83 53 

110 11 

140 36 

Spans in feet 

B 

18 D 

D1 

B 

19 1 D 

D1 

B 

20 D 

D1 

B 

211 D 

Dl 

B 

221 D 

Dl 

B 

23 D 

Dl 

B 

24 D 

Dl 

B 

25 { D 

Dl 

B 

26 D 

Dl 

B 

27 D 

Dl 

B 

28 D 

Dl 

B 

29 D 

Dl 

B 

30 D 

Dl 

B 

31 D 

B 

32 D 

Dl 



2758 

1455 

0 4124 
2612 
1306 

0 4849 
2481 
1179 

0 5655 

4041 

2582 

0 2324 
3828 
2317 

0 2733 
3636 
2091 

0 3188 
3463 
1897 

0 3690 
3303 
1728 

0 4244 
3162 
1581 

0 4849 
3031 
1452 

0 5510 

5568 

4177 

0 1437 
5275 
3748 

0 1689 
5012 
3383 

0 1971 
4773 
3069 

0 2281 
4556 
2796 

0 2623 
4358 
2558 

0 2997 
4176 
2350 

0 3405 
4009 
2165 

0 3849 
3855 
2002 

0 4329 
3712 
1856 

0 4848 
3579 
1726 

0 5407 

7341 

6322 

0 0949 
6954 
5673 

0 1116 
6606 
5120 

0 1302 
6292 
4644 

0 1607 
6006 
4232 

0 1733 
5745 
3872 

0 1980 
5506 
3556 

0 2250 
5285 
3277 

0 2543 
5082 
3030 

0 2860 
4894 
2810 

0 3203 
4719 
2612 

0 3578 
4556 
2436 

0 3969 
4404 
2276 

0 4894 

9356 

9098 

0 0659 
8865 
8165 

0 0775 
8421 
7369 

0 0904 
8020 
6684 

0 1047 
7666 
6090 

0 1204 
7323 
5572 

0 1376 
7018 
5118 

0 1563 
6737 
4716 

0 1767 
6478 
4361 

0 1987 
6238 
4043 

0 2226 
6015 
3760 

0 2482 
5808 
3505 

0 2758 
5614 
3278 

0 3053 
5433 
3067 
0.3369 
5263 
2879 

0 3708 


^ 81 S 1 E tuHaoed one tide and one edge. 
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Tabls 9.—Tablb of Safe Loaos and Dbflsctions foe Tibcbbe Joists with Nominal Wt&m 
OF 4 IncbbSi Uniformly Loaded, Based on Maximum Flexural 
Stress of 1800 Lb. per Sq. In. 


Rough sise 

4X4 


4X6 

4X8 

4X10 

4X12 

4X14 

4X16 

4X18 

Siees 

1 

1 Suriaced sixe 
, SlSlEi 

3HX3H 

3HX5H 

3HX7H 

1 

sHxflHSJ.xUM 

1 

3HX13H 

3HX15H 

3HX17H 

Section modulus 

7.94 

19 12 

35 16 

56 41 

82.66 

113 91 

150,16 

191.41 



HS 

I 3066 








a 

IDI 

t 0 0261 










B 


2382 










D : 

2152 










|D1 


0 0618 

0 0165 









, HS 



4760 









B 


1905 

4588 








5 


1382 










Dl , 

0 1206 

0 0323 









(B ' 

1.588 

3824 









D 


960 

3584 









D1 


0 208:1 

0 0558 

0.0227 








, HH 




6562 








B 

1361 

3277 

6027 







7 

D n 

705 

2633 

... 








Dl 

0 3307 


0.0361 








11 


1191 

2868 

5274 







oJ 

D 


540 


4944 







8 

Dl 


0 4938 

0.1323 

0 0539 

0 0265 







IHS 





8312 







(B 



2549 

4688 

7521 







D 



1593 







1 

9 

Dl 



0 1883 

0.0768 

0 0378 

0 0213 

1 



.S 


HS 






10,062 

1 



‘i 


B 



2294 

4219 

6769 

9919 




1 

10 

D 



1290 

3164 

6430 





tn , 


Dl 



0 2584 

0 1053 

0.0518 

0 0292 




1 


B 




3835 

6154 

9017 




! 


D 



1066 

2615 

5315 






11' 

Dl 



0 3440 

0 1402 

0 0690 

0 0389 

0 0240 





HS 







11,812 





B 



1912 

3516 

5641 

8266 

11,391 




12 

D 


' 

896 

2197 

4466 

7921 






Dl 



0 4464 

0 1821 

0.0896 

0 0505 

0 0312 





B 




3246 

5207 

7630 

10,515 









1873 

3805 

6750 





13 





0.2313 

0.1139 

0 0642 

0.0397 

0 0262 












13,562 




ifl 




3014 

4835 

7085 ; 

9764 

12,870 



14 





1615 

3281 

5820 

9415 









0 2890 

0.1422 

0.0802 

0.0496 

0.0327 




B 




2813 

4513 

6613 

9113 

12.013 




D 




1406 

2858 

5070 

8201 


1 

j 


' 15' 

Dl 




0.3556 

0.1750 

0.0986 

0.0610 

0.0403 

0.0279 



HB 









15,312 



B 




2637 

4230 

6199 ' 

8543 

11.262 

14,856 


16- 

D 




1236 

2511 

4456 

7208 

10,909 { 



Dl 




0.4316 

0 2124 

0 1197 , 

1 

0 0740 

0.0489 ; 

0.0339 


? StSlE •• iurfaoed one «ide and one edge. 


i 
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Table 9.—Table of Safe Loads and Deflections for Timber Joists with Nominal Width 
OF 4 Inches, Uniformly Loaded, Based on Maximum Flexural 
Stress op 1800 Lb. per Sq. In.— (Continued) 
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STEEL BEAMS AND GIRDERS 

By Alfred Wheeler Roberts 

Beams of I-section are the steel beams in most common use. In beams of this section 
the greater part of the material occurs in the upper and lower portions of the beam and where 
it is most effective in resisting bending. Channels, angles, and tees are used only to meet some 
special condition. Channels, for example, are not as economical as I-beams and require more 
lateral support to keep them from buckling, but they are especially suitable for use as lintels 
and around floor openings. 

This chapter deals only with simple rolled sections. Plate and box girders arc treated in 
another chapter. For the selection of sizes of steel beams see Art. 1. For properties of steel 
sections, see Art. 26. For loads supported by lintels, see Art. 29. 

16. Considerations in the Design of Steel Beams.—Steel beams must be designed to 
resist bending, shear, sidewise buckling of the web, lateral buckling of the compression flange, 
and excessive flexure or deflection. (For derivation of formulas and for terms used, see Simple 
and Cantilever Beams,” Sect. 1.) 

16o. Bending.—The section modulus must be sufiicient so that the external 
bending moment will be safely resisted. The section modulus required is found by dividing 
the bending moment in inch-pounds by the allowable extreme fiber stress in pounds per square 
inch. The fiber stress usually allowed is 16,000 lb. per sq. in. 

166. Shear.—The web area, obtained by multiplying the depth of beam by the 
thickness of web, must be sufficient for the beam to resist the maximum shear (see Sect. 1, 
Art. 63d). The usual allowance for shear is 10,000 lb. per sq. in. 

16c. Buckling of Web.—The tendency of the web to buckle or crush occurs 
over the siipports and immediately under the points of application of concentrated loads. 
There is also the tendency to sidewise buckling near the ends of a beam due to the inclined 
compressive stress referred to in Sect. 1, Art. 64. With I-beams and channels, this inclined 
compressive stress need not be considered in any ordinary case if the beam is made amply 
strong over supports. 

Usually if a beam has sufficient section modulus to take care of the bending moment, the 
web is sufficiently strong as regards shear and buckling. The exception occurs, however, where 
the span is short and the load heavy. 

The **Carnegie Beam Sections” gives the following formulas for safe end reaction and 
safe interior load: 

R = (o + 4) 

TT = 2p« (ai + 0 

in which 

R = end reaction. 

W = concentrated load. 
t = web thickness. 

d = depth of beam. 

a = distance over which the end reaction is applied. 

ai half of distance over which the concentrated load is applied. 

ifi non 

p - L —but never greater than 16,000 lb. i)er sq. in. 

■+a»U) 

The first formula applies to any loading. Whenever the end reaction or concentrated loads 
are greater than determined by the above formulas, then either a beam must be chosen having 
a greater web ares, or the web of the beam investigated must be reinforced by stiffener angles 
riveted to the web and milled top and bottom to bear against the flanges. It is usually more 
eoonomieal to use a beam with greater web area than to use stiffeners. 
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The second formula is for a single load concentrated at the center of a span; it can be 
extended for a system of concentrated loads, provided the sum of the distances ai is not less 
than a. 

Any other column formula, could be used, such as the formula (16,000 — 70^, maximum 

14,000 lb. per sq. in.) of the Am. Ry. Eng. Assn. Substituting the proper values for L and r 
in this formula, we have 

p =■ 16,000 - 121^ 

The formulas for It and W above given assume that the length of the web withstanding direct 
compression is greater than the distance over which the end reaction or a concentrated load is 
applied. Some authorities consider only the loaded length in direct compression which is 
obviously on the safe side. 

To withstand crippling of the web due to inclined compressive stress, the intensity of the 
vertical shear which is equal to the intensity of this compressive stress, must be kept within a 
safe value, otherwise stiffeners must be used or the web thickness increased. A beam may be 
amply secure against a straight shear of 10,000 lb. per sq. in. and yet not have sufficient web 
area to be safe as regards web buckling. Assuming the inclined compressive stress to act at 
45 deg. with the neutral axis throughout the entire depth of beam and using the American Bridge 
Company’s column formula, the maximum safe unit value for the shear 

^ = 19,000 - 488* 
cU i 


in which h =* the distance between the flange fillets. 

V 
di 

The Cambria Steel Handbook gives 


* 16,000 - 342- 


Using the A. R. E. A. formula 

h 


F 

dt 


12,000 


1 -h 


A* 


1500f* 

based on the Gordon column formula. 

16d. Deflection.—In some cases the deflection may be the governing feature in 
selecting a suitable section for a beam, instead of the load it carries. For example, a beam 
may deflect sufficiently to crack a plastered ceiling, or to crack a marble or mosaic floor, because 
the proportion of the depth of the beam to its span is not sufficient. It will be found that a good 
workable proportion of the depth of a beam to its span, where excessive deflection is to be 
avoided, is that the depth of the beam should not be less than Mo of the span, and that the 
deflection should not exceed Meo of the distance between supports. However, where the 
deflection is not serious, as in mills, shops, etc., it is good practice to make beams M 4 of the span 
in depth, and for roof purlins of mill buildings, Mo of the span if the roofs are Hth pitch or 
steeper. 

16«. Lateral Support of Compression Flange.—The compression flange of a 
beam is really a column and may fail by buckling laterally. If beams are without lateral sup* 
port for a distance exceeding about 20 times the flange width, their canying capacity should be 
reduced in accordance with table to be found in most any steel handbook. Each table in 
common use is based on some one of the column formulas (Sect. 1, Art. 97) making due allowance 
for the strengthening action of the web. 

A formula in common use is the following modified Gordon column formula used in Cambria: 

18,000 

M M -r-- 


1 + 


SoooS* 


ia whuAt p * allowable atreaa in poonda per aquare t .■ length between lateral eupporta 
in taOm, and h » width of flange ia iaohes. When p - 16,000, ^ « lO<67,eliowiDg that intend 
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bending must be considered in beams where the maximum length of unsupported eompreiSicMi 
daage is greater than about 20. 

In most oases in floor framing a beam is braced laterally either by other beams framing 
into it or by the floor constructbn itself, but cases do arise where conditions leave a beam W* 
braced for an excessive distance. 

17. Multi|fle Beam Girders. —Two or more beams placed side by side and connected by 
means of bolts and separators are used where a single beam would not be sufficient to carry 
the loads imposed, where there is not sufficient head room to use a deep mem}>er, or where a 
wide membei* is needed either to give suffici^t lateral stiffness or to provide a suitable support 
for a wall. The separators should flt closely between the flanges of the beams and should be 
placed at the support, at points where concentrated loads occur and at regular intervals of 5 or 
6 ft. along the beam in order to insure that the beams will act as a unit both vertically and 
laterally. 

Gas-pipe separators should not be used in this type of girder, but may be used in grillage 
beams or girders which are to be filled in with concrete. The cast-iron separator is generally 
used in multiple beam girders, but owing to its uncertainty of being true and square, it is better 
construction to use built-up steel separators or diaphragms made up of plates and angles. 

If the loads are not delivered equally to each member of a multiple girder, each member 
should be designed, as near as practicable, to take its specific load so as not to depend any more 
than possible upon the separators equalizing the load. A good example of this is a spandrel 
section made up of two members carrying a wall and a floor load. The outer member should 
be designed to carry one-half the wall load and the inner member one-half of the wall load plus 
all of the floor load. This will give less chance for secondary stresses due to torsion which are 
impossible to calculate. 

18. Beams with Cover Plates.—It is sometimes found advantageous to reinforce I-beams 
and multiple beam girders by adding cover or flange plates top and bottom. Such members 
should be figured considering the moment of inertia of the total net section, deducting metal 
to allow for rivet holes in both flanges. If rivets are carefully staggered, only one-half of this 
number need be deducted. The plate should be riveted with sufficient rivets to develop the 
stress in the cover plate beyond the point where the plate is actually needed. For method 
of computing rivets connecting cover plates to flanges, see Art. 55. The length of flange plates 
may be determined in the same manner as for plate girders (see Illustrative Problem, p. 187). 
It is sometimes necessary and is good construction in the case of a girder carrying a wall, to 
run the top flange plate the full length of the girder, to make an even surface on which to build 
the wall. 

18. Double-layer Beam Girder. —A type of beam girder constructed by placing one beam 
on top of the other and riveting the top flange of the lower beam to the bottom flange of the 
upper beam to take up the horizontal shear, will be found a very effective girder. Flange plates 
or channels can be riveted to the extreme flanges of the beams and a high amount of efficiency 
nan be developed from this form of girder. It is important, however, to make certain that the 
horizontal shear between beams is properly taken care of by the rivets and that the web is 
sufficient to withstand buckling. Although not usually as economical in material as a plate 
girder or a very deep beam, it will prove advantageous to use when deep beams and plate girder 
web plates are not readily available. The cost of shop work on this type of girdei is a great 
deal lower than on plate girders. 

80. Tie-beams. —A tie or tension beam is one which takes transverse stress and direct 
tension at the same time. Probably the best example of such a beam is a bottom chord of a 
truss which is taking tension and at the same time acting as a beam—for instance, suppm^ting a 
ceiling or a concentrated load between panel points. 

In designing a member of this kind care should be taken that the extreme tenmn fibers 
are not ov^ stressed. As the ma.ximum fiber stress cannot be calculated directly, it may be 
necessary to midee trials with several sections before the proper section can be determined. The 
ibothod of procedure is as follows: (1) Calculate the bending moment in inch-pounds due to the 
beam action, (2) s^ect a member for trial and divide the bending moment by the section modu*' 
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lus of the member selected—^the result gives the stress per square inch on the extreme fiber due 
to bending, (3) divide the amount of tension by the area of the cross section of the member 
selected for trial—the result gives the stress per square inch due to tension, and (4) add these 
two stresses. If the sum of the stresses is not greater than the allowable stress per square inch, 
the member is acceptable. If the member does not fit requirements, another section should be 
selected and the calculations repeated. 

21. Stnit-beams.—A strut or compression beam is one which is subjected to combined 
compressive and transvSse stresses. An illustration of a beam of this kind would be a top 
chord of a truss subjected to direct compression and also taking bending due to a concentrated 
load between panel points. Still another illustration would be a column carrying its load and 
taking bending due to wind or other forces. 

A member of this type can be designed in a manner similar to that explained above for tie- 
beams. The extreme compression fibers should be investigated, however, instead of the tension 
fibers. The column formula should be used to determine the maximum allowable fiber stress. 

Another analysis of this type of beam is the same as used on columns which take axial loads 

and bending. By this method an equivalent axial load is 
computed from the bending moment to add to the direct load 
and then the member is designed as a column. 

The method of procedure is as follows: (1) Calculate the 
bending moment in inch-pounds due to the beam action; (2) 
select a member for trial; (3) multiply the bending moment 
by the distance from the neutral axis to the extreme fiber and 
divide by the square of the radius of gyration—^the result 
gives the equivalent axial load, due to the bending on the 
compression fibers; (4) add the equivalent and direct axial 
loads; (5) design the member to take these combined loads 
using the column formula. 

22. Grillage Beams.—Grillage beams are beams used 
under columns in foundations for the purpose of distributing 
the column loads over a wide foundation bed. Steel beam 
grillages are made up of one or more layers of beams, the 
layers being built up in the manner shown in Fig. 4. 

The space between the flanges of the beams should not 
be less than 2^ in., so as to permit the proper tamping of the 
concrete in which all grillage foundations should be incased. 
The distance between the flanges should never exceed 3 times 

the flange width. 

Beams should be provided with gas-pipe separators spaced near the ends and immediately 
under points where concentrated loads are applied in order to insure that the beams will act as a 
unit. A double line of separators should be provided for all members over 8 in. in depth. Cast- 
iron or built-up steel separators are not desirable, as they break up the continuity of the concrete. 

Material for grillages should not be painted as the concrete is a preservative against rust and 
corrosion, and the concrete will bond more readily to an unpainted surface of steel. 

The bearing area of a grillage is generally taken as the length multiplied by the out to out 
distance of the extreme flange edge providing beams are to be encased in concrete. Some speci¬ 
fications and building codes permit the above width plus the width of the upper outer flanges 
on both sides, on the basis that the concrete tamped under these flanges distributes the bearing 
to the concrete adjacent to the lower outer flanges. 

The column base should be designed so that the load will be distributed in direct bearing 
to the webs of the beams, at the allowable unit bearing stress for steel on steel which usually 
means that stiffener angles must be used on the bottom of the columns or on the beam webs. 
This form of construction can be avoided by the use of a rolled steel slab of the pioper thickness 
to distribute the loads over the grillage webs, or it is sometimes possible to place the grillage so 
that aUfficient area of the column bears directly over the webs of the foliage beams to give the 
ieq|»Ml bearing ar^ 
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Tlie beams in a steel grillage should be figured for bending, shear, and bnokliiig. IJfcs 
buckling due to direct compression in a lower layer is likely to occur where the web of the Uppwsf 
grillage bears on the web of the lower grillage. In the top layer the tendency to buckling comei 
from the direct application of the column load. Likelihood of the web buckling due to inclined' 
compressive stresses should also be investigated in grillage beams. 

Some engineers in designing grillages consider that inasmuch as the beams are incased in 
concrete and held together with separators, that the webs are not subject to buckling, as they 
are braced sideways and cannot buckle. With this assumption the webs are figured for bearing 
only, using the allowable unit bearing stress for steel on steel. 

As channels make the best sections to resist shear and buckling, owing to their thick webs, 

4 channels, placed back to back in pairs, which are capable of taking the shear and buckling, 
make an economical design for the upper layer of a grillage, where there is no restriction to the 
dimensions in either direction. Tliese channels should be developed for their full length in 
bending. 

28. Information Regarding Illustrative Problems.—Following are a number of illustrative 
problems pertaining to different kinds of beams and girders. (For methods of computing reac¬ 
tions, shear, and moment, see chapters in Sect. 1.) Some of the unit working stresses may not 
agree with those which are allowable for certain building codes or specifications, but they will 
tend to show the principles explained in the text of this chapter and other quantities may be 
substituted to suit the individual problem as it arises. In calculating the bending moment 
and section modulus of different problems, it will be found much more convenient to compute 
moments in thousands of foot-pounds and multiply by three-fourths (%) to obtain the section 
modulus. The illustrative problems following, however, are worked out in inch-pounds for 
bending moments, but the aforesaid method will be found a big saver of time for the experienced 
engineer. 


niuitrative Problem .—Beam mth a Uniformly Distributed Load .—What si 2 e beam la required to carry a 
uniformly distributed load of 1000 lb. per lin ft. over a span of 18 ft., assuming that the beam is sufficiently braced 
laterally? 


Total load 

i2i ■« f?a ■" 
M 


(18» (10001 
18,000 
2 " 
(18,000)(18)(12) 
'8 


« 18,000 lb. 

9000 lb. 

486.000 in.'lb. 


486,000 


- /d^^or - *1 

90001b 90001b. 


Fxg. 5. 


By referring to a table of properties of beams it will be seen that a 10»in. 40-lb. 1 has a section modulus of 31.7; 
but, as a 12>in. 31.5-lb. 1 has a section modulus of 36. the 12>in. beam is the more economical, besides being more 
readily obtained. 

The beam should next be investigated for shear. Area of cross section of the web of the 12-in. beam (12) 
(0.35) « 4.2 sq. in. 

2142 lb. per sq. in. 


As the allowable shearing stress is 10.000 ib. per sq. in., this section is ample to withstand the shear. 

This problem could readily be solved by using the tables of safe uniform loads for I-beams in the steel 

handbook. 

lUiistrative Problem .—Beam With ConcentreUsd Loads .—What else 
beam will be required to carry two concentrated loads over a span of 
18 ft., with the loads spaced as shown in Fig. 6? 

„ (7)(15.000) + (13)(12.000) 

“ 18' 



r 1 

00& 

A 

» /d‘0 

'-1 


» 14,500 lb. 


FtG» 6. 


Rt - 


(5)(12,000) + (11)(15,000) 
18 


- 12,500 lb. 


The point of maximum bending moment is at the point of no shear—that is, where the shear changes sign. The 
point of maximum bending in thie particular case will be at the right-band concentrated load, or at point ** A*' 
shown in the figure. 

jif - (12,600)(7)(12) - 1.060.000 in.-lb. 

1,060,000 ^ 

*" ®*® 


By referring to a table of properties of beams it will be seen that a 15-in, 60»lb.l baa a seotion modulus 
of 81.2 and that an 18-in. 55-lb. t has a section modulue of 88.4. Since the 18-m. beam is of less weight besides 
derelopliig more efficieney, it will be tiaed. 
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Area of ojroe» eeotioo of web of es 184n, 55>lb.I ■* (18)(0.48) » 8.3 eq. in. Maximum ebew •» 14»800 lb. 
Therefore 

• 1746 lb. per eq. in. 

As the allowable shearitut stress is 10,000 lb. per sq. in., this section is satisfactory for shear 

nittstrative Problem .—Beam With Load Concentrated at Center ,—What sise beam will be required to carry a 
center load of 20,000 lb. on an l8-ft. span? 

20,000 


XiQOOOU? 


fti ■* JR* • 


* 10,000 lb. 


mfofb 




-/e'-cT’- 




M - (gO^KLSHjaj . 1.080,000 in.-lb. 




s - 


1.080.000 

16,(KXf 


67.5 


Pig. 7. By referring to a table of properties of beams, it will be seen that a 1.5" 

in. 60-lb.I has a section modulus of 81.2, but since an 18-in. 65-lb. I 
develops a section modulus of 88.4, it is more economical to use the 18-in. section. Investigating for shear it will 
bo found that the 18-in. beam has an area of web cross section of (18)(0 46) •• 8.3 eq. in. The maximum 
shear ■■ lO.OCK) lb. Therefore 

* 1204 lb. per sq. in. 

Vs the allowable shearing stress is 10,000 lb. per eq. in., this section is ample for shear. 

This problem could be solved by using the tables of safe uniform loads for I-beams given in the steel handbook. 
Illustrative Problem .—Cantilever Beam .—What sise beam will be required to safely sustain the loads shown 
in Fig. 8? 

To ascertain Rt, take moments about Ri as follows* lZOOOfa\ 


_ (gg yXT . ) +jl2.000)(18) _ Jg ,,, 


To 6nd Ri, take moments about Ri, or 






(12.000)(S) - (500 0)0)) _ 


13 


Fig. 8. 


As a beam must be in equilibrium, the sum of the loads must be equal to the algcbiair huin of the reactions and 
it will be seen from the diagram that in order for the forces to balance there must be a downward force at Ri of 
2307 lb. to resist the uplift at that point. 

The maximum bending moment occurs at support Rt, or 

M - (12,000) (5) (12) - 720,000 in .-lb. 

720,000 
* " 16,000 

By referring to a table of properties cf beams it will be seen that a 15-in. 42-11.1 has a section modulus of 58,9 and 
will satisfy the bending. 

The maximum shear of 12,000 lb. cK'curs immediately beyond the support of the cantilever portion. A 15-in. 
42-lb. I has a web area of (15) (0.41) 6.15 sq. in. Therefore 

12,000 

6.15” ' 


45 


1951 lb. per aq. in. 


U is evident that the section is satisfactory as regards shear. 

The web should be investigated for buckling to ascertain how much bearing it should have on the supporting 
column at Rt Using the formula 

p m 16,000 - 121 ^ 

from Art. 16c, and assuming only the loaded length in direct compression 
pta Rt 19,307 lb. 

(121)(15) 



16.000 - 


11,570 


Fig. 9. 


0.41 

_19,307_ . . 

“ (11,576X0.41) • 


Illustrative Problem .—Tie Beam .—Design the member AB in Fig. 9 to carry a concentrated load of 12,000 lb. 
as Xhown, and to take simultaneously a tensile stress of 50,000 lb. 

The bending moment due to the concentrated load 

9 or trials isiect a section composed of two 10-in. 15^1b. channels which have a total 8 of 26«8. Then the stress on 
the ostreme fiber due to bending will be 

/> - - 8059 lb. pn an. in. 
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Th« tireat per sqwe ineh due to tenaion will be the atreea divided by the area of the aeotion, or 

ft •• •• 5605 lb. per aq. in. 

Then the total atresa on the extreme tenaion fiber will be 

/i + /# — 13,664 lb. per sq. in. 

Therefore the member aeleoted is aatiafactory. 

Care must be taken that there is no metal taken from the section due to punching at tlie center where the 
stress is a maximum sufficient to reduce the section to the point of overstressing the member. At the ends of A fit 
the bending moment is aero, so the net section at these points will only have the direct tensile stress to take care of. 

nittstrative Problem.>*"<i)ij<ru/ Beam.—^V/htA, sice member will be required to carry a concentrated load of 10«000 
lb. at the center of a span of 8 ft. and take a direct compressive stress of 20,000 lb.? 

240.000 in.-lb. 

4 

For trial select a section composed of two 9-in. ISkiAh. channels each of which has a radius of gyration about the 
principal horisontal axis of 3.49 and an area of 7.78 sq. in 
Using the A R. E. A. column formula 

p - 16,000 - 70 - 
r 

the member is found to carry as a column 14,110 lb. per sq. in.—that is. 

96 

p « 16,000 - 70^ - 14,110 lb. per sq. in 


fO^OOpfk 




-— 
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88,669 lb. 


As the maximum compression in a column is limited by the formula used to 14,000 lb. per sq. in., the oolumn will 
safely carry (7.78)(14«000) « 108,920 lb. The amount to be added to the direct compression due to bending is 
(see Art. 21) 

(240,000X4.5) 

(3.49)» 

The sum of the direct and equivalent axial loads is 

20,000 + 88,669 » 108,669 lb 
Therefore the member selected is satisfactory. 

lUuttritive Problem .—Sinale Layer Orillage.^VihtX sise grillage will be required to carry a 10-in. H-column 
with a load of 200,000 lb. and an allowable bearing pressure on the foundation of 20,000 lb. per sq. ft.? 

The area required to distribute the load over the foundation is 

200,000 
20,000 * 

Assuming that the grillage is properly incased in concrete, the webs will not be figured for buckling—only for shear 
and bearing. A grillage of this kind can be placed under an H-column so that the greater part of the oolumn shaft 
boars directly on the w'ebs of the grillage. The longitudinal distribution of the column load will be the width of the 

column flange plus twice the thickness of the base plate (10 -f 2 
12), assuming the load to be distributed at an angle of 45 deg. 
beyond the edge of the column s^^jift. Figuring bearing of steel on 
steel at 20,000 lb. per sq. in., the direct bearing area required is 
200,000 



Fiq. U, 


30.000 *“■ 

|j As the length is already determined as 12 in., 
for each web is 

10 


the thickness required 


a2)(4) 


- 0 208 


assuming 4 channels. Considering the width of the grillage distributing to the toundation to be 9)4 + (4) (3) 
21)4 in. (see Art. 22) and as an area of 10 sq ft. or 1440 sq. in. is needed, the length of the grillage will be 
1440 


21 5 


67 in. Then 


31 . _ 3 ^. 1,375.000 in.-lb. 

i!?I5l29?L-214 

* (16.000)(4) 

As the point of maximum shear occurs at the edge of the base plate, the total maximum shear 

82.0881b. 

67 2 

Than the amount of area required in the web of each member 

82,088 


id 


2.05 sq. in. 


(4)(10.000) 

Thersfore eaeh of the 4 channels should have the following properties 

Section modulus - 21.4 
Web thickness « 0.201 in, 
Wdb area sq, 
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By referring to a table of properties of channels, a 12>in. 20H-lb. channel is found to have a section modulus of 31.4, 
a web thickness of 0.28 in. and a web area of (12) (0.28) 3.36 sq. in. Therefore this section will meet all 

lequirements. 

Illustrative Problem .—thauhle layer QriUage .—What sise grillage will be required to carry a 14-in. H-ooIumn 
with a load of 400,000 lb., the allowable bearing pressure on the foundation being 15,000 lb. per sq. ft ? As the 
assumption will be made that there are no limitations on the dimensions of this grUlage, the first step is to select a 
section for the top layer as explained in the preceding problem. It is found that four 12-in. 26-lb. channels will 
safely resist the bearing and shear and will safely develop a length of 46 in. 

The length of the lower layer is determined as follows: 

400,000 g y 



(15,000)(3.83) 

Then the total bending moment on the lower griUage 

6 . 5 ) - 2,900,000 in.-lb. 


„ /400.000N /84 

Af - 2 —;(4 


Assuming that the lower giillage is composed of 5 beams placed on 10- 
in centers 

2,900,000 


S - 


36.25 


(16.000)(5) 

By referring to a table of properties of beams, a 12-in. 40-lb.I is found to have a section modulus of 44.8 and there¬ 
fore will be satisfactory for bending. 

The shear on each beam 

400 ^ ( 84 ,- 19 )^ 

^ (6)(84) 2 

Since the section will develop (12) (0.46) (10,000) » 55,200 lb., it is satisfactory for shear. 

The amount of bearing area required of steel on steel to take the load from the webs of the upper la>er to the 
webs of the lower layer is 

Therefore at each point of the ten intersections of the two layers there should be 2 sq. in. The webs of the upper 
layer have (2) (0.39) (5.25) « 4.09 sq. in. and the webs of the lower layer (0.46) (2) (3.05) « 2.80 sq. in. 

As all conditions aie satisfied, the five 12-in. 40-Ib.r8 will be satisfactory for the lower grillage, 
niustrative Problem .—Beam Reinforced wxth Flange Plates .—What load uniformly distributed will a 24-in. 
80-lb. I-beam carry if the span is 40 ft. and a 10 X H*in. cover plate is riveted to each flange? 

The first thing to determine la the net moment of inertia about axis X-X and from that the section modulus 
of the section in question. The allowance made for a rivet hole is for a bole H in more in diameter than the diam¬ 
eter of rivet—that is, H in. for a fi-in. rivet. 

I of 24-in. 80-lb. I-beam « 2087.9 

C2)(10)(0.5)« 


I of two 10 X K'in. plates 


12 


(Area of two 10 X H-in. plates) (12 25)* 


Area of 1 rivet hole - (0.875)(1.37) - 
( 0.875)(1.37)*(4) 
12 



I of 4 rivet holes 

(4)(1.20)(11.81)* 


■ 1.20 sq. in. 

(see Sect. 1. Art. 61c) - 0 748 

-* 668.444 
669.192 



Net I - 
S - 


2919.541 
2919 541 
12.5 
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- 233.56 


Then the safe load which this section is capable of supporting including the weight of the girder will be 

(233.56)(16,000)(8) 

-(40)02)- 

Illustrative Problem.—A Spandrel or Wall Girder ,—What section of wall girder 
with span of 25 ft., will be required to carry a uniformly distributed floor load of 
17,000 lb. applied from one side of the girder only and in addition to carry a wall 
load of 48,000 lb. equally distributed over both members (Fig. 14) T 

The member on the side carrying the floor load should be designed to carry the 
floor load and one-half the wall load, or 



Fig. 14. 


AT- 


(4l,000)(25)(12) 
8 

1,587,500 


« 1,537.500 in.-lb. 


- 96 09 


” 16,000 

A flOAn. 05Ab.t has a section modulus of 117 and Is therefore selected. 

The maadmum shear is one-half the load or 20,500 lb. As the area of the web of a 20-in. 054b. 14»eatn >• (2Q> 
0M * 10 sa. in., the web ie good for (10) (10,000) •* 100,000 Sb., which Is ample. 
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The member oarrying one-half oi the wall only or 24,000 lb. will have a moment of 


M - (^^*000)(25)(12) 


900,000 in..lb. 


Q 20 0*000 
16,000 


56.25 


^•1 


A 15-in. 42-lb. I has a section modulus of 58.0 and is the section selected. 

The maximum shear equals one-half the load, or 12,000 lb. The web of a 15-in. 42-lb. I is good for (15) (0.41) 
(10.000) - 61.500 lb. 

By proportioning members in a double-beam girder by this method, it will carry the loads applied most directly 
to the members in the most efficient manner. Separators should be provided as specified in Art. 17. 

Illustrative Problem .—A Double-layer Beam Oirder .—What load uniformly distributed will a double-layer 
beam girder carry which is composed of two 18-in. 55-lb. I-beams and has a span of 50 ft., assuming that the 
member is properly braced laterally? 

The first step is to find the inertia of the combined section and from that the section mcdulus about axis 


I of the two beams *» 1591.2 

(31.86)(9)* - 2580.66 


Total I 

5 - ^ - 231.77 


-> 4171.86 


Then the safe carrying capacity is 


18 

(231 77)(16,000)f8) 

-aaKM)- 
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The wob is capable of taking (36) (0.46) (10,000) * 165,600 lb. in shear. The maximum shear on the girder 
is but - 24.722 lb. 

The next consideration is the riveting of the two beams together. The maximum spacing at the ends of beam 
should be such that there would be sufficient rivets in a length equal to the depth of the girder to take the hori- 
sontal shear. The horisontal shear is equal in intensity to the vertical shear at any point and varies from a maxi¬ 
mum at the ends to zero at the center of the span. Since the maximum shear » 24,722 lb., then the rivets at the 
ends should be spaced, assuming two lines of ^-in. diam. rivets with an allowable shearing stress of 4420 lb. per 
rivet. 


(36) (4420) (2) 
24,722 


12.8 in. on centers. 


As this theoretical rivet spacing is not practical, the girder should have rivets spaced for a distance at the ends 
equal to about the depth of girder at not moie than 3 in. on centeis. The rivet spacing throughout the remainder 
of the girder should not be more than 6 in. on centers. 

It should be noted that the section modulus of this girder (231.77) is an increase of 31 % over the same two 
beams if they were placed side by side. 


CAST-IRON LINTELS 

Bt Alfred Wheeler Roberts 

Lintels made of cast iron are not extensively used in present-day construction, but can be 
used to good advantage on certain kinds of structures. For spanning openings where a fiat 
soffit is desirable and no plastering is needed, and also for use over store fronts where cast-iron 
columns are employed, lintels of cast iron make a good practical form of construction and can be 
fluted on the outside face or otherwise ornamented. 

On account of the many chances of imperfections in a casting, such as blow holes and cracks 
due to uneven cooling of the elementary portions of the lintel, cast iron is not the most depend¬ 
able metal to be used in an important structural member. In any piece of cast iron there is 
always an internal initial stress produced during the process of cooling, and since this stress is 
an unknown quantity, it can only be assumed as being counteracted by the factor of safety 
allowed in choosing the working stresses. 

Cast-iron lintels should be thoroughly inspected for cracks and blow holes before they are 
painted, as these defects can be easily hidden by filling in cracks and holes and painting over 
.them* 
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S4. Oenwal Pn^ortlona. —^The width of the bottom flange should be made equal to the 
width of the wall that is to be carried, or if it is desirable or necessary to fireproof the lintel, it 
can be made several inches less than the wall width to allow for the fireproofing. 

The web, or stem as it is sometimes called, should be made deep enough to prevent a deflec¬ 
tion which would cause the wall to crack or open up joints in the brick courses. 

When the bottom flange is sufficiently wide, it is desirable to cast brackets at the center of 
the lintel, as shown in Fig. 16, in order to give lateral stiffness to the lintel and brace the stem 


I 


t_i 


Fig. 16, 


which is taking compression. 

Lintels with two or three webs should have a vertical cross piece cast at each end connect¬ 
ing the webs. Where lintels are to be used over more than one span, the ends of abutting lintels 

should be bolted together. 

25. Working Stresses.—Cast iron to resist bend¬ 
ing in compression should be figured at 16,000 lb. per 
sq. in. at the extreme fiber. To resist bending in 
tension it should be figured at 3000 lb. per sq. in. at 
the extreme fiber. The shearing stress should not exceed 3000 lb. per sq. in. 

26a Form of Cross Section.—The cross sections commonly used for cast-iron lintels are 
hhown in Figs. 17, 18, 19, and 20. The ideal condition in designing a cast-iron lintel from a 
strictly theoretical and economical standpoint is when the metal in compression is stressed up to 
(he same proportion of the allowable stress as the metal in tension. This, however, is very 
seldom possible due to local conditions generally fixing the width of the fiange and the span fixing 
the web or stem depth. The ideal condition, also, would make the thickness in the stem metal 
vary so much from the thickness of the fiange metal, that there would be the tendency for the 
metal to crack in cooling at a point where they join together. It is therefore advisable to 
keep the metal thicknesses uniform throughout. 


Fig. 17. Fig. 18 Fig. 19 Fig. 20 

27. Shear.—In beveling the stem of a Untel, it should not be beveled so much that it will 
not allow Buflicient web area at the edge of the end supports to take the shear. The outstanding 
legs of the bottom flange should not be considered as taking the end shear. 

28* Bending.—The maximum depth of the lintel need only be maintained as far as it is 
needed to take the maximum bending moment. The stem can be beveled toward each end with¬ 
out impairing the strength of the lintel, as shown in Fig. 16. If the load is applied as a uniform 
load, the bending moment will vary as a parabola and to be theoretically correct the top of the 
stem of the lintel should vary as a parabolic curve; but as a straight bevel is more simple to 
cast, it can be made so, providing the stem does not become less at any point than is required 
to ^ve the proper resistance to bending. 

26* Leeds Supported *—^In determining the loads imposed on lintels, the floor loads, if 
my are carried on the wall supported, should be taken into account. 

If the wall is solid with no window openings above the lintel, the wall will arch and cany 
a great deal of the load to the adjoining wall which supports the lintel without engaging the 
linteL The portion for which the lintel should be design^ would be a triangle whose base will 
be the span of the opening and whose height will be one^^half of the span. This is only true 
when the adjoining wall is sufficient to take the resultant thrust due to the arch effect. 

If the wall over the lintel has window openings with piers resting immediately over the 
Hntel, the amount of wall and the manner In which it is delivered to the lintel, must be taken into 
aeeount. 

Bach individual ease must stand on its own merits and the lintel designed aecordinglyf 
H the loads are underestimated, it will cause a deflection sufficient to crack the walls and create 
A perinanent damage to the building which would be hard to remedy. 
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XUu«timtiv« Problem* —Wbat load will the lintel shown in Fig, 21 carry on a 12*ft, span? " 

The loeation of the neutral axis A-X through the center of gravity of the section should first be detenaineii y 
To do this take moments of the areas of each elementary section about line B-B and divide by the total areo bf thjt 
section (see Sect. 1, Art. 44): 


(7)(1)(3.6) - 24.6 
(12)(1)(7.6) - 00.0 
114.5 

«» 6 02 in below line B-B 

or 1 98 in above line C-C 


Having determined the location of the neutral axis, the next step is to determiDe the moment of inertia Cme Sect* 
1, Art. file): 


( 1)(7)» 

12 


28 58 


( 12 )( 1 )» 

12 

(7)(2 52)* - 
a2)(1.48)* « 
1 « 


1.00 

44.45 
26.28 
100 31 


Ttie section modulus or moment of resistance of the section 


Then 


100.3 1 
1 98 


60 66 


(If)(12 )a2) 

(8)(3000) 


W 


(60 C6)(3000)(8) 
( 12 )( 12 ) 


8443 lb 



H- 


Fio. 21. 


Therefore the aeotior in question will carry 8443 lb. uniformly distributed ever a span of 12 ft. 

Ulustrative Problem.—Determine the safe uniform load that the lintel shown in Fig. 22 is capable of carrying 
uD a span of 10 ft. 

The location of the neutral axis line A-A should first be determined 


(2)(7K1)(3.5) - 49 
(I6)(n (7.5) - 120 


or 


169 

169 

» 5.63 in. below line B-B 
2 37 in above line C-C 


To find the moment of inertia: 



Fio. 22. 


(2)(1)(7)» 

12 

(16)(1)» 

l'2 

(2)(7)(2.13)* 

(16)(1.87)« 


I m 


s- 


Then 


If - 


57 16 


1.33 


63.42 

55.84 

177.75 

177.76 

8 87 


75- 


(75)(3000)(8) 

( 10 )( 12 ) 


(lf)a0)(12) 

(8)(3000) 

15,000 lb. 


Therefore the section in question will carry 15,000 lb. uniformly distrit uted over a span of 10 ft. 

It should be noted that the least moment of resistance cr section modulus is obtained by ioveatigating the 
extreme teneion fiber* or by dividing the moment of inertia by the distance from the neutral axis to the bottom. 

The bending moments of lintels should be figured the same as anj other beam and is dependent upon the way 
the load is applied to the lintel. 

The aeoHoa modulus required to resist a bending moment in tension is determined by dividing the moment 
in inch-pounds by 3900 lb, which is the allowable stress on the extreme fiber in tension. 

The compression side of an ordinary lintel section is generally much stronger than required and therefore does 
not usually have to be investigated. The question of shear, however* should be considered. 


M. TaUa Strength of Cast-iron Lintels.—The accompanying table gives the section 
modulus of various lintel sections and will cover most any requirement for the usual wall 
thioknesses* Some special widths may be determined by interpolation. 

The poift^on of the stem on a flange does not alter the resistance of a lintel to bending. 
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UsB IN Design of Cast-iron Lintels 
Moment of Resistance of Various Lintel Sections 


L_J 
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8<fC. «-«lJ STRUCTURAL MEMBERS AND CONNECTIONS 

REINFORCED CONCRETE BEAMS AND SLABS* 

By W. J. Kniqht 

81. Flexure Formulas.—^Assumptions as a basis for calculations: 

1. Calculations are made with reference to working stresses and safe loads rather than with referetioe to ulti* 
mate strength and ultimate loads. 

2. A plane section before bending remains plane after bending. 

3. The modulus of elasticity of concrete in compression is constant within the limits of working stresses; the 
distribution of compressive stress in beams and slabs is therefore rectilinear. 

4. The values for the modulus of elasticity of concrete in computations to determine the position of the neutrsd 
axist the resisting moment of beams and slabs, and the compression of concrete in columns are as follows: 

(a> One-fifteenth (Hs) that of steel, when the compressive strength of the concrete at 28 days exceeds IfiOO 
and does not exceed 2200 lb. per sq. in. 

(6) One-twelfth (Ks) that of steel, when the compr^ive strength of the concrete at 28 days exceeds 2200 and 
docs not exceed 2900 lb. per sq. in. 

(r) One-tenth (>lo) that of steel, when the compressive strength of the concrete at 28 days is greater than 
2900 lb. per sq. in. 

Note. —The tables in this chapter are confined to the use of n *» 15 and n =» 12, the former ratio (n *• 16) 
being the assumption most generally adopted by engineers in the design of practical structures. 

5. In calculating the moment of resistance of reinforced concrete beams and slabs, the tensile resistance of 
the concrete is neglected. 

0. The adhesion between the concrete and the metal reinforcement remains unbroken throughout the range 
of working stresses. Under compression the two materials are therefore stressed in proportion to their moduli of 
elasticity. 

7. Initial stress in the reinforcement, due to the contraction or expansion of 
the concrete, is neglected. 

Although the above assumptions are not in exact accordance with 
experimental data, they are sufficiently accurate and insure sim¬ 
plicity in making calculation. The formulas follow (see Fig. 23 
and Notation in Appendix A): 



Position of neutral axis 
Arm of resisting couple 

Balanced value for ratio k 

Steel ratio for balanced reinforcement 


k •m V2pn 4- (pn)* — pn 


; - 1 - 5* 


k ■■ 


. _^ 

I’fl! 




A. fje 

bd~ 2f. 

When over-reinforced, the resisting moment depends on the concrete and its value, then, is 

Me - 

or 

... 2M , 2M 

When under-reinforced, the resisting moment depends on the steel and its value, then, is 

Me ^ pmbd^ - Mejd 


Unit compressive stress in concrete 


Unit tensile stress in steel 


M , M 

. 2M 2^ fJk 

" jyw* * Jfe " n(l - k) 




XU 


(1) 

( 2 ) 

(3) 

(4) 

<4A) 

( 6 ) 

(6A) 

(6) 

<6A) 

m 


See also Appendices J and K. 




128 


HANDBOOK OF BUILDINO CONSTRUCTION 




If then the velue ol K in terms of steel stress is 

^ ^ *“ 5 ) 

In terms of concrete streest value of A! is 

^ “ s) 

Illustrative Problem.—Find the values of p and k so that a beam or slab will be of equal strength in tension, 
and compression. Assume/* >« 16,000. /« « 700 lb. per sq in. and n •« 12. 

Substituting values in (4) 


16,000/ 16,000 . \ 

700 \(12)~(700) V 
k * V(2)(0.00753)(12) + (0.00753)*<12)* ~ (0.00753)(12) - 0.344 


0.00753 


With this combination of values for /* and /« and aith n assumed at 12, the steel (or Ma) will control in any case 
a hen p is less than 0.00753 and the concrete (or Me) will control when k is greater than this value. 


When Me controls and is known for any combination of unit stresses, the resisting moment 
M» can be found for any other combination of unit stresses (n and h remaining the same) by 
proportioning the two values of /• and multiplying the known value of M, by the proportional 
increase or decrease. This holds true when the steel controls in any two cases. 


nittstradve Problem.—A 4H*m* slab with d 3^ in., A$ «> 0.28 sq. in. per foot width, p 0.0067 and k 
0 358, has a moment M$ « 13,810 in.-lb., when/« « 16,000, /« ■« 650 and n » 15. Find the value of Me by pro¬ 
portioning the two values for /« for the same member when the limiting stresses for /« and /* are 18,000 and 750, 
respectively, and n * 15. The proportion that /• * 18,000 is greater than /* * 16,000 is 

18,000 - 16,000 

-ieiooo- 

The resisting moment required is 

M, - 13,810 -I- (0.125)(13,810) * 15,540 m.-lb. 

The same condition applies in a similar manner when the concrete (or Me) controls for any two combinations of 
unit stresses, the value of M« for one being known 

nittstrative Problem.—Determine whether Ma or Me controls in a rectangular beam when/* 16,000, ft *■ 800 
and n 15, assuming steel ratio p 0.0082, from which Ar 0 387 
Steel ratio for balanced reinforcement. Formula (4) 




--* 0.0107 

+ 0 


lOiOOO / 16,000 
"800 U15)(800) 

Knowing p to have a value of 0.0107 for equal strength in tension and compression, it follows that Ma controls for 

p m 0.0082. 


As the steel area A. or steel ratio p increases, k increases and j decreases (though not in 
the same raticr), for the reason that as the percentage of steel gets larger, the neutral axis is 
lowered, resulting in a greater numerical value for k (thus lowering the neutral plane) and a 
lessening value for j since the centroid of compressive stress is lowered. This condition will be 
made clear by application of formulas and reference to stress diagram. Fig. 23. 

The flexure formulas can be applied to any rectangular member in an existing structure for 
the purpose of finding the safe load capacity, or to any rectangular member in a proposed struc¬ 
ture^ where the structural sizes are to be established. 


XlittfrtnitlYe Problem.—What will be the values of /• and /• in a beam 12 X 18 in. reinforced with three fi-in. 
rqunde, for a clear span of 15 ft. 0 in. non-continuous when sustaining a total load of 14,000 lb. d •> 16 in. n *■ 15. 
Aj 1.33 
"W " 

(0.0069) (15) - 0.363 


p « , 


' 0.0069 


(12X16) 

k - V(2)a6)(0.0069) -f (16)*(0.0069)* 

, 0.363 

; - 1 - < 


3 


« 0.879 


316.000 

Subetituting values in Formula (7) 

/ ( 2)015,000 )_ flAo IK 

“ '(d,363)(0.879)(12)<16)* ^ 

SnhMitiiuting vmIik'S hi Forniuhi (H) 

- (lasKhSlw “ *"• 


i, 
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OittStratiT# ProMam.-^ ractansulwr beam 30 ft. O-ln. apan, non^contiimoui, is reauived Ip suppoft t 
watt 18 in. tJiJok and 12 ft. 0 in. kigh. Find the depth d and steel area A^, when/* •* 18,000 and/« « 780t for adtil) 
strength in tension and compression. The width b is fixed to eonform to thickness of brick wall. 8 <e 18 hk. 
n « 18. 

Brick wall load « (30)(12)(180) » 64,800 
Beam load assumed » (30) (780) « 23,400 


Total load 


88,200 


^-gg j OO Ma om ?) . 3.969.000 m-lb. 


From Formula (4), for balanced reinforcement, 

’’ “ 18.000/ l&OOO 

780 U16)(780) ) 

From Formula (3) 

k -- 0.385. 3 - 0.872 


1 + 


18,000 


(15X760) 

Since the values /» and /« are balanced, substitute in either Formula (5.4) or (6A). 
Formula (6^4) 

2Af (2) (3,960,000) 


5<f* - 


or from (6ii) 


M 


d* - /T-. 


(18) (750) (0.385) (0.872)' 


3.969.000 

" pfS “ (18)(0.00«))(18,000)(0.872)* 


d - 41.9 in. 

d - 41.9 in. 


From Formula (4A) 

A, « (0.0080) (18) (41 9) « 6.04 sq in. 
For practical reasons make d 42 in (boo Fig 24). 



31a. Use of Tables and Diagrams.—After the application of formulas in the 
design of rectangular beams and solid slabs is thoroughly understood, the designer should resort 
to the use of tables and diagrams such as illustrated in subsequent pages. Tabular values are 

given for k and j for various percentage of steel, also diagrams giving the values K » ggj for 

the various steel and concrete stresses, and steel ratios p. Using these tables and diagrams will 
not only result in lessening the amount of work and time involved, but will reduce to a minimum 
the occasion for material errors when making calculations. 

82. Lengths of Beams and Slabs Simply Supported.—As stated by the Joint Committee 
on Standard Specifications for Concrete and Reinforced Concrete, the span length for beams 
and slabs simply supported should be taken as the distance from center to center of supports, 
but need not be taken to exceed the clear span plus the depth of beam or slab. 

The Joint Committee further states that 


The span length for continuous or restrained beams built to act integrally with supports may be the clear 
distance between faces of supports. Where brackets having a width not less than the width of the beam and mak¬ 
ing an angle of 45 deg. or more with the horiaontal sxia of a restrained beam and built to act integrally with the 
beam and support, the span may be measured from the section where the combined depth of the beam and bracket 
is at least one-third (H) more than the depth of the beam, but no portion of such a bracket shall be considered as 
adding to the efifeotive depth of the beam. Maximum negative moments are to be con¬ 
sidered as existing at the ends of the span. 

88. Shearing Stresses in Reinforced Concrete Beams.—The variation 
in shearing stresses in a reinforced beam differs from that in a homogeneous 
beam, due to the concentration of tensile stress in the steel. In Fig. 25 the 
opposing concrete forces acting through the centroid of compression are 
represented by C and C' in a short portion of a beam, where V represents the 
total vertical shear. T and T' indicate the opposing tensile stresses, v denotes the unit hori¬ 
zontal or verrieid shearing stress at any point between the steel and the neutral axis, and b the 
width of the beam. It follows, then, since the tensile and compressive forces are in equiHbriam, 
that C « T% and C 7. The total horizontal shearing stress upon any horizontal plane, 
immediately above tbe steel or between the steel and the neutral axis, is 7' 7, Then 

r - 7 



Fxo. 25. 
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From equality of moments, or equilibrium produced by the various couples, 

Vx » (r ~ T)jd 
Vx 

Substituting the value of T' — T ^ in equation (1), there follows: 

Vx ^ ^ V 


jd 


bx — 


hjd 


( 2 ) 



Fio. 26 . 


Equation (2) gives the intensity of shearing stress for any point between the steel and the 
neutral axis. Since the value of j varies but slightly for various percentages of steel, the uiut 
shearing value v will be only slightly affected if the average ratio j — is substituted in (2). 
Then 

»> 

Fig. 26 represents the law of variation of shearing stress on a vertical cross section. The inten¬ 
sity of shearing stress at any point between the steel and the neutral axis is the same, whereas 
between the neutral axis and the extreme fiber of compressive face, the 
shear variation follows the parabolic law. 

For all practical purposes the use of Formulas (2) or (3) can be relied 
upon to give results within the range of safety, although mathematical 
accuracy to a degree of nicety for all conditions of shear is somewhat lacking. 
Like other designing formulas, experiments, theory, general practice and 
application have been given individual consideration in the determination of values and 
assumptions so as to avoid unnecessary complications and insure simplicity. 

84. Web Reinforcement. 

84a, Action of Web Reinforcement.—One of the most important and vital con¬ 
siderations in the design of rectangular or T-beam sections, consists in providing effective web 
reinforcement to resist diagonal tension. 

The analytical treatment of diagonal tension in homogeneous beams is much less complex 
than in a composite structure. Owing to the complex nature of web stresses, and particularly 
diagonal tensile stresses, recourse is had to a more simplified or convenient method of stress 
determination, by assuming a vertical plane as a means of measuring the intensity of diagonal 
tension at any section of a member. This assumption reduces analytical treatment to its sim¬ 
plest form and hence its adoption is universal. A member subjected to the action of external 
forces, develops diagonal tension as a result of flexural action. After the concrete has reached 
its limit of resistance to diagonal tension, failure will inevitably occur unless vertical stirrups or 
bars bent up at approximately 45 deg. are introduced in the proper proportion and at intervals 
sufficient to develop their purpose. Unlike other formulas recommended for the designing of 
concrete members, the mere fact that the concrete must develop diagonal tension at the initial 
loading before the stirrups or bent rods have any material value, introduces an element in design 
heretofore entirely neglected in assumptions. The deformations in the concrete must first 
take place, which permits of little stress to be taken by the stirrups or bent rods. 

Due to the many complications that arise from stresses produced by diagonal tension, which 
is measured in terms of shearing stress on a vertical plane, a complete analysis of the action of 
web reinforcement does not seem feasible, therefore more or less empirical formulas and methods 
have been adopted in general practice. 

What is commonly termed shear'’ is greatest at the support and is equal to the upward 
reaction or 3^ the total load of the member, when uniformly loaded. This may be termed the 
ciitical sectbn, though many experiments have demonstrated conclusively that failure from 
diagonal tensbn does not occur immediately at the support. The appearance of failure in the 
vicinity of the support and not directly at this point, in all probability is caused in part by the 
presence of vertical compressive stresses arising from the reaction of the support, which must be 
resisted, and no doubt serve to diminish or neutralize, to some extent, the principal stresses. 
fig, 27 illustrates in a general way the conditions developed by diagonal tension. The cracks 
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are more pronounced and inclined near points of support, and originate on the tendon side itf 
the beam. The function of the stirrups or bent rods is simply to prevent this conditton and 
vender the structure a more consistent unit of strength. 

In simple beams it will be found most advantageous to have a low bond stress in the straight 
longitudinal bars at the ends extending into the supports, or else hooks should be provided to 
give efficient anchorage and thus obviate any chance of slipping or failure from this source. 

The ends of all stirrup prongs extending into the upper face of beams should be gfiveu 
adequate anchorage, so they may fully develop the calculated tensile value. 

In designing web members for any structure, the intimate relationship that should exist 
between theory and application should be constantly borne in mind. The form of the stirrup, 
•~>.nd the logical means of holding the stirrups intact during the severe stages of disruption prior 



to and during concreting, should be given inseparable consideration. Such considerations are 
'•s vital to the construction as the knowledge of knowing how to proportion the design. 

It has been shown by experiments that the combination of bent rods and stirrups gives the 
best results. It is good design to permit the stirrups to develop the required resistance to 
diagonal tension and allow the bent-up rods to act only as an additional safety factor, in reduc¬ 
ing further the opportunity for failure. The spacing of stirrups has a decided influence on the 
function they are to perform. Referring to Fig. 28, it is reasonable to believe that since diagonal 
tension at critical sections occurs approximately at 45 deg. with the horizontal, stirrups should 
be spaced at such intervals as to effectually counteract this tendency. Experiments show that 
a spacing greater than one-half the depth of the member has little or no value. 

In considering the use of bent-up rods in conjunction with stirrups to resist diagonal 
tension, it will be well to note the limitations and difficulties in the arrangement of reinforcement 
that may arise. The case of a simple beam, or the end of a semi-continuous member bearing 
in a wall, exterior column or spandrel, offers a condition most favorable to the use of stirrups and 
bent rods in combination (Fig. 29). In any event, one or more rods should bo bent up into the 
top of the beam as shown, to prevent the appearance 
of cracks where tensile stress occurs due to deflection 
of the member and the restrained nature of bearing. 

The resisting moment will necessarily control the num¬ 
ber and location of bends. The straight rods remain¬ 
ing in the bottom must also provide sufficient bond ^ 

stress. , j 

The difficulties in the case of continuous beams in this connection are numeroxis, demanding 
the closest study to obtain an arrangement that will fulfil the manifold requirements of design at 
this particular location, where the many important opposing stresses wiU not permit of n^ect- 
ing one feature of design for the accomplishment of another. To illustrate, refer to Fig. 30. 
Should it be assumed that bent rods are to be distributed in the ends of continuous membera 
as shown, it is at once evident to the experienced designer that complicatiorw natality arise if 
consideration is entertained for the erector and the economic features of practical design. First, 
the design will probably require the same steel area A, for the positive and negative moments, 
the negative stress varying from a maximum at the center of bearing, to zero at the point of 
inflection. This condition of negative stress demands a decreasing steel area proportionate 
with the negative moment at the various points, which fact will preclude the bending up of 
rods o and b at points too near the bearing. Additional rod units similar to c and d must be 
introduced to resist the diagonal tennon, the ends of which should either be anchored by means 
of hooks or else the lower ends must be bent horisontal to lap the straight rods in the bottom. 
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^ During ernotioi^ if spiral cohimns are employed^ the use of additional rod units c and d will 
^ present great annoyanooi for the rods must either be worked through the interval between 
spirals or the upper end of spiral unit must be forced down to allow adequate clearance betw^n 
the two layers of rods. And finally the rods must be placed, spaced and held in their respective 
positions. The question of suitable stirrups and bent rods to resist diagonal tension neces¬ 
sarily resolves itself into the intelligent selection of units that can be installed with accuracy 

and speed, in order that the intention of the design may 
not be entirely defeated at the beginning of operations. 

Fig. 31 shows the forms of stirrups mostly used in 
the average design. Types d and e are open to objection, 
for the reason they are most difficult to install in the case 
of continuous beams where top and bottom steel are 
required. 

346. Practical Consideration in Arrange¬ 
ment of Web Members.—In all structures for practical 
purposes, stirrups or bent rods should be used, whether or 
'not theoretical calculations dictate their use. The exclu¬ 
sive use of bent rods to resist diagonal tension in con¬ 
tinuous beams subjected to concentrated loads, and even 
for uniform loads, occasions many difficulties for the 
designer to solve, and when solutions are found merely 
from the standpoint of theory, the erector in the field has 
the option to execute the design as a whole or in part, 
depending entirely upon the character of supervision. The most effective way to avoid 
improper execution is to have constantly in mind the field superintendent or foreman's point of 
view, and adopt the design with common-sense intelligence, so that it can be carried out with 
the greatest degree of accuracy. 

The most predominant disregard of accuracy, during the erection of the average reinforced 
concrete structure, is exercised in the placing of loose stirrups. There are many contributing 
causes. Foremost among them is the case in which the stirrups, having been placed and spaced 
with the average due care, are given the responsibility of remaining erect and spaced without 
any tangible tie, one with the other, to prevent subsequent displacement during concreting 
operations. A small rod H in. or % in. in size, as illustrated in Fig. 31, type (a), extending 
from one stirrup to the other for the full length of member and tied to each hook by means of 
small wires, will obviate to a considerable extent the tendency of the stirrups to become 
disarranged. 

There is certainly little consistency in design and practical execution when stirrups are 
shown spaced at 2, 3, 4, 5, or 6-in. intervals and then, through the fault of construction methods 
specified, permit of a wide variation from this spacing. In this event, theoretical design in 
locating the stirrups is simply a matter of form and useless endeavor. 

34c. Design of Web Reuiforcement.-^The variation in shear along the length 
of a uniformly loaded beam is shown in Fig. 32(a). The following simple graphical method 
may be used ^r determining the stresses and spacing of stirrups: 



Fia. 31 



Let t, the total unit shearing stress, denote the height of triangle in Fig. 82(a), n the unit stress to be 

caiBen fay the ooncrete, and the remaining shear to be taken by the steel. Also let xi denote the distance in 
leei from the support to the point beyond which no stirrups are required. 

Now the total unit shearing stress is 

V ' 

* “ 53 <»> 

or, substitotiiig H ss the average value of ;, 

The in feot from the support to the point beyond whtrii no stirrups ace needed is 

«- rt) 
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In Jig. 82<o), the total shear to be taken by all stirrups in one end of a beam is indicated by the tHgugle witfc 
height V si and base xi and is equal to 

r, - {« 

The diameter of a stirrup without any prong or hook should not exceed 


The mini mum spacing of stirrups at the support will be 

. - ( 8 ) 

(r ~ vi)b 

Referring to Fig 32(h), stirrups can be spaced by dividing the triangle with base xi and height into as many 
equal parts as there are stirrups required, such that no spacing will exceed The center of gravity of each sub¬ 
division will denote the location of stirrups, assuming the same sise stirrup unit throughout. Blqual areas can be 
easily obtained as shown, by projecting the points from the semi-circle with diameter equal to xi. 

In the average designs of beams, 34-in. stirrups with hooked ends are used for beams from 10 
to 26 in. deep, ?g-in. stirrups for beams 26 to 40 in. deep and 34-in. stirrups for beams 40 to 
60 in. deep. The size of stirrup will, of course, depend 
on the unit stress f» assumed and the spacing. 

In the design of stirrups, various unit stresses art' ; i 

used in the steel ranging from 10,000 to 18,000 lb. per • ? /j 







Hu^ai 


W I 



sq. in. A high unit stress is not recommended, when considering the function which stirrups 
must perform in a rigid member. The higher the stress, the more the elongation when the 
member is subjected to heavy loads, an^l the better should be the anchorage to prevent any 
possibility of slipping. A unit stress for steel stirrups of 10,000 to 12,000 lb. per sq. in. would 
be more consistent with good practice. 

IllttBtratlTe Problem.—A cimply cupported beam 10 X 22 in. has a total uniform load of 2000 lb. per lin. ft. 
The span is 20 ft. The tension reinforcement is 2 in. from the bottom. Find the web reinforoement to resist 
diagonal tension, using vertical U-stirrups, when the allowable /• **■ 12,000 lb and n 40 Ib. Maximum bond 
stress allowed u SO lb. per sq. in. 

Substituttng in (2) 

( 10 )( 2000 ) _ 20,000 

* “ (10)(7/8)(a0) “ 175 “ lb. per Ml. in. 

Bubetituting in (3) 

_ _ (114 - 40)(20) 

*‘“—(21(1X4)- 

The total shear denoted by triangle. Jig. 38(o), with height m 74 and base xj -s* 6.49 ft., wffl be 


(114 - 40)(10)(6.49) 


(12) - 28,810 lb. 


F, 
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Assuming round stirrups the area A$ for the 2 legs is (2) (0.1104) 0.2208 sq. in. The value of each stirrup 

28 810 

•a (0.2208)(12,(XX)) 2650 lb. ** 10.87 stirrups, or, say 11 stirrups required for each end. The doseet 

Bpadug required at each end near support will be 


_ (0.2208) (12,000) 
* * (114 - 40) (10)' 


3.59 in. c. to c. 


Assuming this theoretical value 3.50 in. as the closest spacing, and checking back with diagram Fig. 33(a), it will 
be found that the total shear taken by fiist stirrup is equal to 

^Pj (3.59)(10) » 2585 lb. 


which is practically the same as the value assigned to each stirrup. The stirrups indicated in Fig. 33(a) have 
been projected from equal areas in diagram Fig. 33(6) and spacing noted accordingly. One additional stirrup is 

used over requirements on account of spacing being limited to ^ or 10 in. 


The above method of finding the correct spacing of stirrups for a uniformly loaded member, 
as well as any other proposed or suggested method not mentioned, entails considerable work and 
delay when it is considered that some buildings require a hundred or more different designs of 
beams, and consequently is objectionable. In view of practical circumstances involving con¬ 
ditions that do not justify the spacing of stirrups to the exact inch, the following method will 
give satisfactory results on the side of safety: 


First find the value of v by Formula (2) and then the distance xi beyond which stirrups are not needed by 
Formula (3). The total shear Fi to be taken by stirrups, represented by the triangle of base xi and height v-ii, 

can then be found by substituting in Formula (4). The total number of stirrups required for Vi will be The 

stirrup spacing at the critical point near bearing will be, assuming a given sue of stirrup, 

B= 

* “ (» - I>i)6 

With the distance ari, total number of stirrups required, and the minimum spacing known, it will bo entirely 
eafe and consistent gradually to increase the spacing over the distance xi, from the smallest spacing to a maximum 

of one-half the effective depth of the beam. On account of the minimum spacing of 2 H be necessary to add 
one or more stirrups to meet this limitation. 

niuatrative Problem.—Assume the same conditions as in the preceding problem, when v 
Vi 28,810, the total number of stirrups 11, and the minimum spacing s » 3.59 in. 

With the above conditions known, the approximate spacing can be ascer¬ 
tained at once, or 3 stirrups at 4 in., 2 at 5 in., 2 at 7 in., 3 at 9 in., and 2 at 
10 in. The total of these spacings is 83 in. or slightly more than 78 in., the 
value of xi, which will bo satisfactory. 

Illustrative Problem.—Assume the same beam in previous problem but 
with a concentrated load at the center of 40,000 lb. instead of a uniform load 
totalling 40,000 lb. 

The reaction at each end will be 20,000 lb. The value of v 114 lb. 
per sq. in. will bo the same, but the intensity of shear is constant at aU 
points between, the center and the bearing, hence xi 10.00 ft. and 

Vt « (114 - 40) (10) (10) (12) - 88,8001b. 


114, xi- 6.49, 



The value of one H^in. t7-stirrup at 12,000 was found to be 2650. 
equally spaced from the center to each bearing is 


88,800 _ 
2650 * 


Since I * 240 in., the stirrup spacing required is 


68 


> 3.6 in. 
00 

This spacing is too close. 

Assuming a Hs-ki. stirrup, A» will have a value equal to 


Thus the number of these stiirups required 


(0.1503) (2) (12,000) - 36001b. 


or number required is 


88,800 

3600 


25 


The spacing will then be 5 in. (approx.), which is satisfactory. 

diagram Fig. 84, the stress in one stirrup will be (5) (74) (10) 3700 lb. 

ftisained lor each stirrup. 


Using a 5-in. spacing and referring to 
or slightly mcnw than the tensile valw 
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tot Web Reinforcement— The following simple graphieftl 
method may be used in important cases for determining the stress or spacing of bent bam: 

A«^e a beam 10 X 20 in.. 20-ft. span, uniformly loaded, with » - 100 lb, Tho bent-tw rod nearest the 
support u assumed to be a J<-ln. round, and the other bent rod a «.in. round, both rods being bent at 4S deg. 
nnd the elrem m eaeh rod.^ Assume si— 40 Ib. The following method will make dear the prindplea involved: 
Referring to ]^g, 36(a), project the axis AB upon an axis AC at 46-deg. inclination and lay off t> « 100, lu 40, 
and Then the ordinates between BC and BD will represent the shearing stress v along one-half of the 

beam. The area between any two ordinates Uke DD' and EE' multiplied by the width 5 of beam will equal the 
product of the total average shear over the length f', multipUed by the projection of this length on the inclined axis 
BC. In diagram Fig. 86(o), the stress taken by the H-in. rod will be 


( 60 + 44\ 

—J—) (14.5) (10) - 75401b. 


The area of a round is 0.60 sq. in. 

7640 

q”qq * 12,660 lb. per sq. in. 

This value is not too high if stirrups are also used, which in this 
are neglected. The stress in the rod will be 

(1 L±^^ )(9.5)(10) * 3700 lb 


3700 

0.44 


' 8410 lb. per sq. in. 


In Pig. 35(6), the stress taken by the %-in. round will be 
^60 + 44\ 

(— 10^0 

or unit stress in one ^‘in. round is 
10,660 


/. - 


(0.60) (V2) 


12,560 lb. per sq. in. 



36. Bond Stress,—The development of proper bond stress between the steel and the con¬ 
crete at all points in the design of a member, should receive careful attention. For simple 
beams with loads distributed as in Figs. 36, 37 and 38, positive moments are developed which 
begin immediately at the points of supports. This at once suggests a pull in the straight rods 
at the supports; the required intensity of which must be developed through adhesion of the 
concrete to the steel. 

In the case of continuous beams, Fig. 39, the straight rods of end spans bearing in wall, 
spandrel or column should be investigated to ascertain the pull in the rods at this point. In 
the case of continuous ends of beams the character of stress is compressive, by reason of canti¬ 
lever action at this point, though the increment of stress is of the same sign. In the design 



Fig. 87. Pio. 88. Fia. 30. 


of practical structures there are comparatively few designs executed in the past, which have 
given serious consideration to the development of the proper theoretical bond stress for the 
ends of rods in the compressive side of continuous beams at supports. Yet comparatively 
few failures have been recorded due to this source of seeming weakness. 

If the safe adhesion or bond stress per square inch of bar surface exceeds that prescribed 
^ the best practice, then the cuds of rods in the case of pulling stress should be hooked as in 
rig. 29, In designing a member it follows that the higher the unit stresses assigned to steel 
m tension, the smaller will be the rods or sectional area at this critical point and hence the sur¬ 
face of bars available for adhesion will be reduced. Deformed rods afford a suitable mEutna 0jf 
motoaeing bond redstanoe, but in many inatanoee the renstanoe offered will not be 
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to conlorm fully to requirements of design and prevent initial slip under working conditions. 
It has been noted that one of the fundamental assumptions in the theory of design oonsistB in 
having perfect adhesion between the steel and concrete at all points within the elastic limit of the 
steel. 

Theoretical results show that bond stress is a simple function of shear and varies with the 
shear. Figs. 36, 37, 38 and 39 show some of the conditions of moment and shear for different 
loadings. In Fig, 36 the value of bond stress is sero at the center and increases uniformly 
to a maximum at the supports. In Fig. 38 the bond stress is uniform from concentrated load to 
supports. Fig. 37 shows the same intensity of bond stress from points of loading to supports. 

In proportioning members to resist bond stress it should be remembered that any slipping 
of the bars increases at once the deformation of the concrete and hence emphasizes the chance 
of failure by increasing the tension in the concrete. 

Referring to Fig. 26, Art. 33, the shearing stress per linear inch over a distance x is 

r - T 


X 

But 


or the bond stress per linear inch is 


Vx = (r - T)jd 

r - T ^ V 
X jd 


The bond stress per square inch developed by the surface of steel bars is ^ divided by the sum 

in inches of all the perimeters of the bars at a given cross section. If Xo » the sum of perimeters 
of all bars in a member, and u the bond stress per square inch, then 


u 


Xojd 


In other terms, the unit bond stress is simply the reaction in pounds divided by the sum of 
bgr perimeters in inches multiplied by the lever arm. In the above formula, j ^ H may be 
used as the average value. 

The Joint CJommittee recommends in case of plain bars a unit bond stress between steel 
and concrete equal to 4% of the compressive strength of concrete and 5% in case of deformed 
bars. For a gravel or hard limestone concrete with compressive value of 2000 lb. per sq. in., 
the working value of 80 lb. for plain and 100 lb. for deformed bars are the values 
recommended. 

When the web reinforcement consists of a combination of bent bars and stirrups, tests of 
freely supported rectangular and T-beam sections indicate a greater reduction of bond stress 
than in the case of beams with stirrups, and beams with only straight longitudinal bars. Judg¬ 
ing from the results of tests it will be conservative to assume a bond stress of times the above 
working values when members are thoroughly reinforced with stirrups and two or more bent 
rods, bent at intervals not to exceed the effective depth of the member and preferably less. 
The combination of bent bars and stirrups can be readily adapted at the ends of shnple beams 
and end bearings of continuous beams, where all the tension bars are not required in the bottom. 


niiuitrstlve ProUein.—A simply supported beam with span of 18 ft. requires a section 10 in. wide, effective 
depth d «» 18 m, and remforoement tbrM M-ui rounds straight and two rounds bent, to support a total 
ttiiifovta load of 800 lb. per lin. ft. when steel and concrete are of equal strength—the controlling values being/* 
tBjMt /« ** 760, n « 15, tt «■ 80, 91 » 40 Find the bond stress m the straight longitudinal rods 
The reaeiion is equal to 

(80O)(9) « 8010 lb 

Th|s petfhneian of three rounds will be 

(3) (1.964) « 5.982 sq. in 

Biittttltstini in formula 

V 8010 

* “ izumm " ammmm -«»>• p« "»• *««• 
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U the bettt rods m not oontidered to rtdst diogoaoi teatioti, oad sioos in 
the volui i» • 80 lb. lor plain or deformed bers is entirely oo&MmtiTe. 


any ereat stiirupe Bf» 


In comparing rectangular and T-beam sections it will be found that the investigatiiMi irf 
bond stress for the latter will always be of greater importance than in the former case^ fob 
the reason that the required section for rectangular beams is proportioned for limiting values 
assigned to /c, whereas for T-beams the necessary section for shear is of fundamental importance. 
Hence the shear in the former case will usually be much less per square inch than in the latter 
case. Bond stress being a function of shear, the member having the greatest shearing stress 
should be given especial attention. 

36. Spacing of Reinforcement and Fire Protection.—^The spacing of rods, particularly in 
beams, is a matter of great importance in the design of concrete structures. The location of 
beam and slab rods involves the following considerations: 

1. The longitudinal ban should be spaced far enough apart to develop the required adhesion between conerete 
and steel. 

2. A clear space between the ban should be allowed to permit the larger aggregates to pass between and 
around each bar. 

3. A protective coating of concrete of adequate thickness should be provided for all ban. to insure fireproofness 
ill the event of fire. 

The bond stress determines the theoretical clear mterval between beam bars, but under 
no circumstances should this interval be equal to or less than the size of aggregate used. It 
is advisable to use a clear spacing of not less than in. in any case as the larger sizes of gravel 
and limestone aggregate will range from to 13^ in. It is good practice to use a clear 
spacing of 1 3^^ to 3 times the diameter of bar used in the design, provided this spacing is not less 
than 1)4 in. The clear spacing between the two layers of bars likewise should not be less than 
1 3^2 in. for practical reasons mentioned. 

Ck)ncrete is incombustible and has a low rate of heat conductivity which makes the material 
highly efficient for fireproofing purposes. The fire-resisting properties of concrete, however, 
are of little avail if the reinforcement is permitted to approach too near the exposed surfaces. 
The thickness of protective coating for ordinary purposes of design should be the greatest in 
the case of beams and girders which are in the event of fire, subjected to the most intense heat. 
iSiabs or fiat surfaces require less protection for the steel for obvious reasons. 

It appears from past practice and fire tests, that a minimum protection of 2 in. for the 
steel in beams and girders, and 1 in. for the steel in slabs, are conservative aUowanoes. 

Another form of abuse practiced in the construction of fireproof buildings, in the majority 
of buildings constructed, is the total lack of proper care taken in the supporting and spacing 
of individual bars in beams and slabs. It is an illogical procedure to specify a certain spacing of 
bars and a minimum protective coating, and then expect the erector to execute the plans and 
details, without some specified means of accomplishing this purpose. It is hardly possible to 
maintain a given spacing for bars or to support the bars the required distance from the falsework 
without the use of some definite device made for the purpose. Formulas and details may be 
devebped to a nicety but if the practical means of accomplishing the design are neglected, 
it is simply an invitation for poor workmanship, lax methods, and inefiScient execution. As a 
consequence the advantages of correct design are overcome and the strength of the structure 
is impaired by materially reducing the factor of safety. 

Rods in beams bunched together cannot possibly give the proper resistance to bond stress, 
and result in a source of weakness highly undesirable. If some mechanical device or devices 
c^uld be generally empbyed by engineers, that would serve the purpose of minimising the 
occurrence of improper workmanship, somewhat higher working stresses than now assumed 
could be consistently used with a greater degree of satisfaction. 

ST* Secttugular Beams Reinforced for Tension and Comiire88ion.^It is more eocmombal 
to use reotanguiar beams without top reinforcem^t if the limitatbns of design will permit. 
Only in bolated oases does it become necessary to use beams of this character, l^ams enclosing 
elevator openings, stair weBs, or those deprived of T action with limited depth, by reason Of 
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openingB at the section of greatest moment, sometimes require reinforcement in the top aa well 
as in the bottom, to give equal tensile and compressive resistance. 

The action in the top of a beam reinforced for compression may be compared with that of 
a column. In the latter case the rods under stress are prevented from failure along the line of 
least resistance by the use of bands or hooping spaced at the proper intervals. The longitudinal 
rods of the column are placed in the comers or where the bands change direction and not at 
intermediate points where bending would be produced in the length of the band. 

The same reasoning may be applied to that of compressive reinforcement in beams. Where 
only two rods are used, inverted U-stimips will prove most effective in anchoring the rods 
into the body of the member, as shown in Fig. 40. Where three or more rods are required, this 
form of stirrup cannot be entirely effective, due to the fact that bending moment is produced 
in the straight portion of stirrup when the intermediate rods are in compression. A form of 
stirrup shown in Fig. 41 would no doubt give greater resistance to compressive stress, though 
the effective distance between the top and bottom steel will be slightly lessened. In important 
members spiral reinforcement has often been used in connection with compressive reinforcement 
with the most satisfactory results, Fig. 42. 


n 
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Fia. 40. Fio. 41. Fig. 42. 
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SfnMs Diagram 


Fia. 48. 


The same fundamental principles given for beams reinforced for tension only apply to 
double reinforced beams. The tension in the concrete is neglected and the compression in the 
concrete is assumed to follow the linear law of variation. Hence the formulas apply to working 
conditions only. 


Let j/ ratio of cross section of steel in compression to cross section of beam above the tensile steel ■> 

/*$ compressive umt stress in steel. 

Other notations are given in Fig. 43. 


k 


P + n*(p + pV - n(p + p') 


k 


3 


u 

u 


u 



*•(1 - H*) + 2p'n(* -%)(}- “i) 


« JL « JL 

Atjd pjhd* 
n(l - *) 



/• 


Mm - 

< 1 - 


Md - h) 
k 

/•pfW* 

AMf»3 


( 1 ) 

(lA) 

(2) 

(3) 

(4) 

(5) 

(6) 
<7) 


The formulas given for rectangular beams reinforced for tension only, which determine the 
shear e, bond stress u, and web reinforcement, are the same for double reinforoedi beams. In 
finding l'^3se values j may be assumed to have an average value of O.Sfi. 
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87a. Fonntilas for Determining Percenteges of Steel in Double Reinforced 
Rectangular Beams. ^—For any given values of fe and k has identically the same value, irre¬ 
spective of shape or t3i>e of member. The formulas given below are based on this fundamental 
fact. The value of k for all beams is expressed by the formula 


k 


1 

nfc 


If the extreme fiber stresses are not changed by the addition of steel to the section, it follows 
that the added tensile and compressive steel must form a balanced couple, with unit stresses 
conforming to the stresses already in the section. 


liOt Pi 
Pi 

V 

V 

Mx 

Mi 

M 

Then 


steel ratio for the beam without compressive steal, 
steel ratio for the added tensional steel, 
pi + pi. 

steel ratio for compressive steel. 

moment of the beam without compressive steel. 

moment of the added steel couple. 

Ml -f Mi. 


k 


pi 


Ml 

Mi 

Pi 


P* 



M 

“ 21/. 




« M 



Ml 


m _ 


” pi + ps 



(1) 

( 2 ) 

<3) 

(4) 

(«) 

( 6 ) 

(7) 


niustrative Problem.—In a double reinforced beam the bonding moment is 950,000 in.-lb. Practical con¬ 
ditions limit the sise of the beam to 5 ■■ 14 in. and d » 20 in. Find the required steel percentages for tension 
d' 2 

and compression. ^ ^ Table 3, * * 0.3S5, pi « 0.008. K » 125.74, when /« 18,000, 

fc - 750 and n - 15. 

Ml - (18,000)(0.008)(l ~ 5:~^(14)(20)* - 703,000 in.-lb. 

or. Ml may be obtained from formula Mi ■■ Kbd* 

Ml *- 950,000 - 703,000 - 247,000 in.-lb. 

247 000 

* 18.000(1 - 0.10) (14) (20)*" ®-^272 
p -» 0.008 + 0.00272 - 0.01072 

p' - (0.0027a)( ^*- ° |?p ) - 0.00687 

Steel for compresson A' -i (0.00587) (14) (20) - 1.644 sq. in. 

Steel for tension A, « (0.01072) (14) (20) - 3.002 sq. in. 

For all practical purposes this problem can be solved by the following simple method of reasoning; 

1. To Find the Area A :—The centroid of compressive area of the concrete from the top of the beam is 

ibd (0.385)(20) _ 

3-3- ^ 


Hence, if d' » 2 in., the average lever arm is 

20 - 

A» - 


(2 H- 2.57) 
2 

950,000 


- 17.71 in. 


3.(X) sq. in. 


(17.71) (18,000) 

2. To Find the Atoa Reqnired for CompreeHve Steel ,—The concrete in compression alone will sustain a moment of 

Aft - Kbd* « 703,000 in.-lb. 


> Taken from thesis by Robert S. Beard submitted to University of Kansas in partial fulfiUmmit of Uio require^ 
tt^nti for the Master’s Degree. 
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The vteel for eoxupres^ioo muet take the differenoe* or 

900,000 ^ 703.000 « 347.000 i]i.4b. 
hd m (0.886)(20) - 7.70 in. 

The extreme fiber stress in the concrete is 700. At 2 in. from the top the compressive stress is 


760 




> 564 lb. per sq. in 


Hence 


A' - 


«■ 1.65 sq. in. 


247.000 
(15)(564H18) 

The analysis of the above problem illustrates that almost identical results may be obtained through BinipJe reason¬ 
ing and is done to show the value of adopting, v^hen possible, methods of calculation which can be more thoroughly 
comprehended, and which may further elucidate the principles involved in tlie derivation of formulas. 


38. Moments Assumed in the Design of Beams and Slabs. —The Joint Committee recom¬ 
mends the following rules for computing the positive and negative moments in beams and slab.s 
with uniformly distributed loads, under the several conditions outlined graphically: 



One Span Two Eqool Spans More Thon Two Equof Spans 

Fig. 43A 


1. SlighUy Restrained Beams and Slabs of Equal Spans. —Beams and slabs of equal spans built to act integrally 
with beams, girders or other slightly restraining supports and carrying uniformly distributed loads shall be designed 
»or the following moments at critical sections 

2. Restrained Beams and Slabs of Equal Spans. —Beams and slabs of equal spans built to act integrally i\ith 
columns, walls, or other restraining supports and assumed to carry uniformly distributed loads shall be desigm^d 
for the following moments at critical sections: 



One Span TWo Equal Spans More Than Two Equal Spons 

Fig. 43B. 


(а) For end epane of continuous beams, and beams of one span, in which j is less than twice the sum of the 
values of ^ for the exterior columns above and below which are built into the beams: 

(б) For end span of continuous beams, and beams of one span, in which j is equal to or greater than twice 
the sum of the values of ^ for the exterior columns above and below which are built into the beams: 



OnaSpan 




Two Equal Spans 


Mom Than Two Equal Spans 


Fig. 43C. 


When considering moment problems involving continuous beams of unequal spans or with 
non<*4iiiifonxi loading, the Joint Committee recommends that 

Continuous beams with unequal spans, or with other than uniformly distributed loading, whether freely msp* 
porUd or restrained, shaU be designed for the aotual moments under the conditions of loading and restraint. 

Audi further, that 

Provision shall bo made where neesssac^ for negative moment near the center of short spans, which are adfaeent 
to )bnt and for the negntive moment at the end supports if restrained. 
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99a* SUb DoiigiL«-^lid reinforced oonorete dabs are deeigned for g&fen^ ItMMifi 
by using the same formiilas given for rectangular beams. A width of 12 in. is usually emptolid 
in proportioning the depth d, percentage p, etc. As a general rule it is more economical to 999 
balancing values for fe and /.. After the point is reached beyond which the extreme fiber stiMi 
in the concrete controls in the design, it will be determined that the small increase in moment 
derived, will not justify the cost of additional steel, which is added only for the purpose of lower¬ 
ing the neutral plane to prevent exceeding the maximum working value assigned to /«. jLong 
span slabs of solid concrete are not only lacking in economy, but add to the cost of supporting 
beams, girders, columns and footings, by reason of their dead weight, in comparison with other 
types of floors that may be used. Floors consisting of concrete joists in combination with hollow 
tile, gypsum or metal domes, will give greater economy for long spans. Joist floors can be 
used for spans as great as 40 ft. or more if conditions demand such extremes. 

It is good practice not to exceed 2)4 times the effective depth of solid slabs, for the spacing 
of carrying bars. 

For all solid slabs it is advisable to use temperature rods or % in. in shse extending 
perpendicular to the carrying reinforcement, to lessen the chance of cracks from shrinkage and 
temperature stresses as well as to form ties to which carrying bars can be wired to preserve a 
given spacing. Roof slabs which are exposed to a greater variation in temperature require 
more attention in this respect than floors which are protected from the varying climatic 
conditions. 

The investigation of shear in solid slabs is seldom necessary, except in the case of heavy 
concentrated loads, or loads that may effect the section beyond safe working assumptions. 

89&. Negative Reinforcement in Continuous Slabs.—Continuous slabs should 
always be provided with sufficient steel extending over the supports to take negative moment. 
Even in short spans, unsightly cracks in tile or composition floors, so often seen in buildings, 
will be obviated by permitting part of the steel to be bent up into the top of slab over supports, 
thereby preventing cracks when the adjacent panels deflect. 

It is customary practice to bend up one-half the bars from each opposite panel, at approxi¬ 
mately the one-fourth point, which gives a steel section for negative moment equal to that of the 
positive moment requirements at the center of panel. Negative reinforcement should extend 
to the one-third or one-fourth point depending on the length of spans and the live loads to be 
supported. The point to which steel for negative moment should extend, will depend princi¬ 
pally on the intensity of live load. The dead load is flxed, but the live load is a varying quantity 
as to intensity and position in important structures. The greater the live load the greater will 
be the tendency for the negative moment to approach the center of spans under the worst 
condition of loading. 

39c. Two-way Reinforced Slabs Supported Along Four Sides.—A series of 
panels reinforced in two directions at right angles and supported along four bearings should be 
made continuous over supports. In oblong panels the greatest length should not exceed 
times the least width. As a panel becomes oblong the proportion of load carried by the longer 
span becomes rapidly less. 

Let r » proportion of total load carried by shorter span. 

I » len^h of longer span in feet. 
h « breadth of panel or shorter span in feet. 

Then 

r - j - 0.50 

I 

For different ratios of g the values for r are as given in the accompanying 

table. When a floor panel is square and uniformly loaded, one-half the 
dead and live bads are resisted by the moments in each direction. 

The Joint Obmmittee recommends that in placing reinforcement in such slabs, aooouni 
wy wefi be taken of tilie fact that the bending moment is greater near the center of the slah 


l/h 

r 

1.00 

1.10 

1.50 
1.30 
1.40 

1.50 

0.50 

0.60 

0.70 

0.80 

'0.90 

1.00 
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than near the edges. For this purpose two-thirds of the previously calculated moments may be 
assumed as carried by the center half of the slab and one-third by the outside quarters. 

The distribution of loads to beams along the four edges of such slabs are often assumed 
incorrectly by proportioning the members for uniformly distributed loads. For more exact 
calculations the distribution of load may be expected to vary in accordance with the ordinates 
of a parabola, but for practical purposes it may be just as well to avoid unnecessary loss of time 
and assume this variation to be represented by a triangle, although the moment resulting from 
the former assumption will be less than in the latter case. 

For practical purposes floor panels reinforced in two directions cannot well be termed 
economical in competition with otW forms of panel construction. 

40. T-Beams. 

40o. T-Beams in Floor Construction.—In floor construction T-beams are by far 
the most generally used form of supporting member. The term T-beam expresses its shape. 
In calculating the strength of T-beams, advantage is taken of the floor slab, which in good 
design must act as the compression flange of the member, the same as the upper flange of a steel 
I-beam must act when subjected to bending. To properly perform its function, a T-boam must 
be poured simultaneously with the floor slab and the stem and flange securely tied together by 
means of bent rods, stirrups and cross reinforcement from the slab. Even with the presence 
of stirrups and bent rods, horizontal planes made during construction are most undesirable. 
The slab should be an integral part of the beam. 

In important members of long spans, or short spans designed for heavy loads, a thin slab 
should be thoroughly investigated and mechanically bonded to the steam by means of stirrups 
along the center portion between bearings, as well as near the supports where the stirrups are 
designed primarily to resist diagonal tension for uniform loading. In special beams with thin 
flanges a small flllet or bevel at 45 deg. connecting the stem to the flange will prove effective 
in giving added strength. In very long spans other methods must be employed to give the 
required strength in compression. 

When beginning the design of a T-beam, the thickness of the flange is fixed by the depth of 
slab, but the distance to either side of stem over which compression may be assumed to act is 
arbitrarily selected from the results of tests, which have established within safe limits the 
assumptions to be made. 

The action of a continuous T-beam includes a complication of stresses, which in the main 
should be entirely comprehended by the designer before attempting the use of formulas for 
practical application. 

In comparing T-beams with rectangular beams, the economy of the former is obvious. 

406. Flange Width of T-Beams.—^The following rules are recommended by the 
Joint CJommittee for determining the flange width; 

1. Beams having flanges both sides of the web: 

(а) It shall not exceed one-fourth of the span length of the beam. 

(б) Its overhanging width on either side of the web shall not exceed eight (S) times the thickness of the slab, 
nor one-half (H) the clear distance to the next beam. 

2. Beams having a flange one side only: 

(а) The effective flange width to be used in design shall not exceed one-tenth (H o) of the span length of the 
beam. 

(б) Its overhanging width from the face of the web shall not exceed six (6) times the thickness of the slab, nor 
one-half (H) the clear distance to the next beam. 

B. Iscdated T-Beams: 

(а) When T-form is used only for the purpose of providing additional compression area, then the flange thiok- 
neee ahall not be less than one-half (H) the width of the web. 

(б) The total flange width shall not be more than four (4) times the web thickness. 

40c. Trangvcrse Reinforcement of T-Beams. —^The Joint Committee has well 
fltated this requirmnent as follows: 

Where the principal slab reinforeement is parallel to the beam, transverse reinforcement, not less in amount 
than 0.8 per cent of the sectional area of the slab, shall be provided in the top of the slab and shall siatead across 
the bsam and into the slab not leas than two-thirds (H) of the width of the effective flange overhang. The 
tibn hare shsil not exoeed eighteen tnohes ( 18 ' 0 * 
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40d. T-Beam Flexure Fonnula8.^In the design of a T-*beam it is necessary to 
distinguish two cases, namely, (1) the neutral axis in the flange and (2) the neutral axis in the 
web, 

Cctse /. The Neutral Axie in the Flange .—All formulas for moment calculations’’ which 
apply to rectangular beams apply to thb case. It should be remembered, however, that h of 
the formulas denotes flange width, not web width, and p (the 
A A 

steel ratio) is not ^ (Fig. 44). H |»«j| 

Case II, The Neutral Aonn in the Web ,—The amount L n . , 

of compression in the web is commonly small compared with _ 

that in the flange and in the analysis of this case is neglected. 

The formulas assume a straight line variation of stress Citw»3«:hQn SfreMOto^mm 
and^are: ViQ* 44, 

“ - ® 

p» + H(D* 


SifXEEE 99CrK3n 


:zir 


an SfrvM Dtognom 
Fia. 44. 


3kd ~ 2t 
2kd - t ^ 
d — z 




A^d pjW 

<8) 

“ n(/:^ « <»> 

Mm « f,A.]d (10) 

Approximate formulas can also be established. From the stress diagram Fig. 44, it is 
evident that the arm of the resisting couple is never as small as d — H that the average 
unit compressive stress is never as small as /c,.except when the neutral axis is at the top of 
the web. Using these limiting values as approximations for the true ones 


M, »* A4*{d J40* or A, -• («) 

" A,(.d - Ht) 

M. - WM(A - HO (e) 

* " HKW - HO 

The errors involved in these approximations are on the side of safety. 

Where the web is very large compared to the flange, formulas which take into account the 
compression in the web may be used. 


4 + (t - F)0 . /fiA. + (6 - h')t\ * 

—P-+ (-p-■ 

HP) + [( M - OKt + HiU - 0)y 
i(2M + (kd - 


nAt + (5 — 601 
b' 
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Formula <1} gives the baiaucing ratio h when the limiting stresses/«and/« are known. Formula 
(3) gives the ratio k for any steel percentage when t, and d are known. It will be a simple 
operation to find j after s is obtained from Formula (4), if is known, otherwise j should bo 
obtained from Formula (6). 

For ordinary cases the tensile stress in the steel will control, and hence M» should be used 
in Formula (10). In special cases ilf<, will be the governing factor. 

When ^ the neutral axis will be at the junction of web and fiange (sec Diagrams 4 and 

6, Sec. 2-42, p. 168). When k is less than |> Case / applies, and when greater than y Case II 

applies. For any combination of assigned values for/,, and n, it will be useful to obtain the 
**neutralratio k from Formula (1). This value of k being known, it can at once be determined 
whether M, or Me controls for any other value of k. In such a case Af, will control when any 
other ratio k is less than the neutral A;, and Mt will control when any other k is greater thafi the 
neutral k. 

Calculations for T-bcams may be greatly simplified by referring to Diagrams 4, 6, 6 and 7, 
p. 168. With the ratios ^ and p known, the position of the neutral axis can be readily found in 

Diagrams 4 and 6 and the values of j in Diagrams 6 and 7. These diagrams also determine at 
once whether Case I or Case II applies for given conditions. 

The approximate Formula (a) will be useful to find the steel area Ah after the moment is 
found and unit value for /, selected. 

40e. Shearing Stresses.—The determination of shearing stresses in T-beams is 

V 

fundamentally the same as given for rectangular beams. In the formula v = 6' is the 

width of the stem. In the ordinary T-beam design the fiange affords greater strength than is 
required to balance the tensile stress, hence the first consideration should be to obtain a section 
that will give a sufficient sectional area of concrete to resist shearing stresses and to allow a 
suitable width of stem for the proper spacing of the longitudinal reinforcement. The stirrups 
and bent rods should extend up to within 1or 2 in. from the top surface, to insure a thorough 
mechanical means of bonding the slab and stem together. As in the case of rectangular beams, 
approximate results for shear and bond may be obtained by assuming j =* %. 

40/. Width of Stem and Depth.—In order for a beam of T-form to transmit 
stress from web to fiange, the width of stem in proportion to depth should be chosen with care. 
It is considered good design to have a width of web equal to one-third to one-half the depth of 
beam. Large beams will usually require a greater number of tension rods, which will control 
the width of stem to no little extent. The*depth of T-beams is often limited on account of 
head room in buildings and frequently in extreme cases this depth may be as little as or 
J^oth of the span length. The design of such beams must be given special consideration, to 
develop rigidity and consistency in the strength of aU contributing elements. 

40p* Design of a Continuous T-beam at the Supports.—Figs. 45 and 46 illustrate 
the curve for negative moment, the maximum being over the center line of interior supports 
and decreases rather abruptly from this point. It is readily seen that this maximum point of 
negative moment is reached when the spans adjacent are fully baded, producing bending in 
these members and consequently a pull in the top over the support. This tensile stress should 
have a counter balancing resistance in the bottom, and hence the compression in the bottom is 
equal in intensity to the corresponding negative moment in the top. A T-beam becomes a 
rectangular section at the supports on account of the reverse condition of bending, which 
changes from positive to negative at the zero point of inflection and varies in intensity to a 
maximum at the interior supports. 

The method of design cbarly involves principles which govern the design of double<*rem« 
forced rectangular sections with the exception that the tenrib and compressive stresses are 
reversed. 

Negarive moment at the center line of an interior* support is generally greater than tfwi 
stress at or near the center of span length, but with the presence of large 

i # 
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or wide beams forming the supports, this negative bending is reduced appreciably at the 
of bearings, which fact may be recognised in arriving at the proper proportion of stress for 
compression. 

By reason of the general use of formulas M = -jg and Af «= -jg for both maximum positive 

and negative moments in continuous beams, one-half the steel required for positive stress from 
each adjoining member is usually bent up into the top over supports. This practice may be con¬ 
sidered entirely applicable to the design of practical structures, when the consecutive spans are 
the same or nearly so, provided the compressive stress at or near the supports is proportioned for 
the same maximum assumed moment. When it is found advisable to reduce the compressive 
stress, this purpose may be accomplished either by adding a haunch to increase the effective 
depth and size of the section, or by the addition of compressive steel with effective anchorage; or 
by the use of the two methods in combination. For architectural reasons, beam haunches are 
often undesirable in hotels, apartments, office buildings and such structures, and for this reason 
occasion will often arise when additional strength for compression must be provided by adding 
compressive steel or by increasing the width or depth of the entire beam section for the sake 
of uniformity. 

The bending up of steel bars at angles of 30 to 45 deg. to resist negative stresses is a question 
of importance. The points at which bends are made should be governed by the intensity of 
positive moment at the section. Figs. 45 and 46 show the maximum positive moment curve 
for an interior span when the member in question has its full live* load with adjacent members 
not loaded. In this case, where the specified live load is 275 lb. per sq. ft., the positive moment 
approaches the supports. Diagram 8 shows with sufficient accuracy, the points at which bends 
may be made in continuous beams. 

Bond stress along the horizontal tension rods in the top of continuous beams should be 
investigated. Formulas for tension rods at the ends of simply supported beams may be 
employed. These rods should extend to about the one-fourth point when small live loads are 
required and to the one-third point for heavy live loads. 

To determine the maximum negative moment for continuous beams the formula M == 

is generally recommended, but unfortunately is employed by many engineers more to determine 
the sectional area of steel in tension, than for the purpose of ascertaining a sufficient section for 
compression at the supports. It may be stated with more or less authority that the majority 
of designers neglect entirely the compressive stresses at the interior supports of continuous 
beams, which is a practice not to be recognized as commensurate with good design. 

41. Comparing Accurate Moment Distribution in Continuous Beams with Ordinary 
Assumptions.—For the sake of simplicity in arriving at the moments in beams and slabs of 
reinforced concrete structures, it is now almost a universal practice to assume for members 

continuous over two supports, M = and for members continuous over one support, or for 

end spans, M = A practical illustration showing the relationship between the assumed 

conditions and the more accurate theory for determining the true moment distribution in con¬ 
tinuous beams or slabs, should be a question of great significance to the designer. An intelligent 
understanding of positive and negative bending are vital considerations in the design of any 
continuous member, particularly when subject to heavy live loads, which influence to a marked 
degree the point of inflection or change from positive to negative bending. 

In practice the true theorem of continuous moments cannot well be applied literally on 
account of practical complications that result in the arrangement of reinforcement, arising from 
the fact that the greatest positive moment in a continuous member is usually much less than the 
greatest negative moment. Literal adherence would require considerably more reinforcement 
over the supports than would be necessary at the center between supports. The disadvantages 
are quite obvious to the engineer accustomed to seeing his designs executed in the field. Again 
few building oidinances, if any, would permit of strict adherence to the exact theorem of 
moments, due no doubt to the variation in results from those obtained by the use of the estabUdied 
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formulas, M « ^ and It may be understood from these standard moment assumptions 

that the general practice of resorting to the use of more complex methods of calculating moments, 
is not desirable in the solution of ordinary problems of design. However, this understanding 
should not prove the medium for evading the fundamental principles of continuity, so essential 
to the knowledge of the designer. A thorough understanding of continuous moments will not 
only familiarize the engineer with the maximum moment conditions resulting from the most 
unfavorable position of live loads, but will render a more intelligent and precise interpretation 
of the standard moment formulas established by practice. 


lUastTAtive Problem.—The examples shown in Figs. 45 and 46 are selected from a number of beam calculations 
of a large structure completed in 1018. The coefBcients given in the accompanying table are by Winkler and give 
the results of computations for a uniformly distributed load in the simplest form, from the ordinates of the maxi¬ 
mum moment line for continuous beams. Beams B\ continue for a large number of consecutive spans. The 
coefficients selected are for continuous beams of four spans. The loading required for maximum live load moments, 
Fig. 45, shows that the maximum positive moment is obtained for interior spans by loading alternate spans, and 
the maximum negative moment by loading the spans adjacent to the reaction in question. The moment lines 
are plotted from moment values in table for each point equal to one-tenth of the span. For comparative purposes 
tel* ti’l* 

moment values for and £2 siven near maximum moment values obtained from coefficients. 

It will be interesting to note that for interior spans the maximum positive moment is 1.098,500 in.-lb whereas 
wl* 

M » m 1,381,000 in.-lb. Keeping this latter moment value in mind it will be seen that the maximum negative 

moment at the first interior column face is 1,390,000 in.-lb. and at the second column, M « 1,130,000 in.-lb., which 
compares favorably with the moment value usually assumed. In the design of beams projected below, the tension 
rods for negative moment were not extended to meet fully the requirements of negative curve, for the reason that 

tel* 

the sectional area of steel at the center of span was proportioned for -^2 moment which is about 

21 % less. This additional steel area reduces the unit stress in the steel and the deformation in the concrete in 
compression, which in combination serve to reduce the negative moment produced. 

wl^ 

For the end span the maximum positive moment is 1,529,000 in.-lb., but M « 1,658,000 in.-lb. The 

difference here is not so appreciable. 

Fig. 46 includes the same members as shown in Fig. 45 with the exception that a cantilever beam is required 
for expansion joint. This cantilever beam changes the oonditiou of moments in the adjacent span, as shown in 
moment diagram. 

A close study of these examples will reveal many interesting stress conditions in continuous beams, and are 
given for the purpose of showing the relationship between the ordinary moment assumptions and the more accurate 
distribution of stress. An intimate knowledge of this relationship will be of inestimable value to any designer, 
and though not recommended for every day use, the knowledge of these conditions is fundamentally essential 
to the proper interpretation of the usual moment assumptions. 

For a discussion of T-beams continuous at both supports and of T-beaius of three continuous spans, see pp. 238 
to245, inclusive, of “Reinforced Concrete and Masonry Structures,*’ by Hooi and Kinne. 


48. Designing Tables and Diagrams for Beams and Slabs.'^It seems appropriate here 
to emphasize the importance of resorting to the use of tables and diagrams whenever it is possible 
to do so, since the tabulation of values in advance will minimize the time consumed in the 
preparation of designs. The measure of the time consumed in the development of a design, is a 
most essential factor in the determination of an engineer’s worth and should not be subordinated 
to other conditions having a lesser value. 

The engineer will often find it advantageous to adopt approximate formulas, and although 
the results obtained may vary slightly from those derived by the use of the more exact formulas 
recommended, it must be borne in mind that the divergence of practical conditions from the 
assumptions used in the formulas, does not justify too high a degree of mathematical precision 
in the design of practical structures, unless the particular problem in question demands such 
attention. The degree to which approximate formulas may be used will depend entirdy upon 
the knowledge, training, initiative and experience of the engineer, which should be sufiScient to 
justify a departure from the more accurate computations for shorter and simpler methods 
> based on a clear conception of the fundamental principles embodied in theoretical design. 

The number of designing tables and diagrams given on subsequent pages are necessarily 
limited on account of the space allotted to this subject. The eni^eer will find it belp^ to 
prepare other tables of a similar character. 
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In explaining the solutions to problems, it is not the intention to advocate or recommopd 
the use of any particular combination of working stresses for/»and /«. Building ordinances In 
various sections of the United States show a great lack of consistency in the working stresses 
assumed for steel and concrete, which indicates that the differences of opinion prevailing at this 
time preclude the immediate possibility of standardizing unit stresses to the entire approval of 
all sections concerned. The working values for/, and now being used, vary from 600 to 800 
lb. per sq. in., and in not a few instances even higher stresses for concrete are employed. The 
unit working stresses in the steel vary from 16,000 to 20,000 lb. per sq. in., depending on whether 
the steel is soft or hard grade. The many structures erected, judging from all available infor¬ 
mation, have given a like degree of satisfaction, and in view of this fact it would hardly be 
(jonsistent to condemn one practice or the other without some conclusive evidence that would 
prove the custom to be a detriment to public safety and interests. 


Illustrative Problems.—The use of designing tables and diagrams can be explained to a greater advantage by 
giving the solutions of typical designing problems. 

Design a beam of rectangular section to span 30 ft. Total uniformly distributed load is 1000 lb per lin. ft. 
Boam is simply supported, ft 18,000,» 750, n ■» 16, *■ 40. 

^ _ (1000)(30)«(12) _ ,.350.000 in.-lb. 

o o 

From Table 3, for n « 15, ft *• 18,000, and/e — 760 


Assuming b 


k 

K 


0.385, j * 
bdf " “ 


0.872, p * 

1,350 ,000 

126.'741 


0.00801, 
» 10,730 


15 in , then d » in. or say 27 in. 


K 


125.74. 


At » (0.00801) (15) (27) - 3.24 sq. in. 


We will select three Ts-m and two l-m. rounds with total section of 3.38 sq in 


15. 000 

® “ (16) (7/8) (27) * 

When V » 42, provision for shear is unnecessary but for practical reasons it is advisable to use, say three l;^-in. 
stirrups at 9 in. and two at 12 in. c. to c. at each end. All the tension steel is not needed near the supports so if 
the two 1-in. rounds are bent up at 45 deg. beginning at a point 2 ft. 6 in. from the supports, a better design will 
result. Three K'in. rounds remain in the bottom to develop the safe bond stress. 


Bond stress u 


16,000 

(8.26) (]^) (27) 


77 lb. per sq. in. 


Bond stress is within safe limits and will not require special anchorage. 

The values K and p may be found from Diagram 2 where n ■* 15. Find the intersection of /• 18,000 and 

curve f« «■ 760, and follow this point horisontally to the left or right hand margin where K "» 126. Then follow 
the intersection point to lower margin where p 0.0081. The accuracy of these readings is sufficient for any 
purpose of design. 

DiagratM 1 and 2. —These diagrams are very useful to find the relationship between any values for p, /«, /«, 
and K for any rectangular beam or solid concrete slab. For example (Diagram 2), if steel percentage p «• 0.0072 
and the limiting steel stress is 16,000, the concrete stress /e is found to be 625. If /« « 600 and p 0.008, /«is 
found to be about 14,300. 

For any rectangular beam of given section and reinforcement the safe load per linear foot may be readily 
obtained by means of these diagrams Assume the steel percentage in the above problem to be p « 0.007. The 
same linuting values for /«, /« and n prevail. Begin at lower margin of Diagram 2 at 0.7 % and follow vertically 
to intersection with ft » 18,000. From this intersection follow to left or right margin where K ■■ 110 is found. 


M 


K6da - 
SM 
( 12 ) 53 ) 


(110)(16)(27)» - 
__ (8) (1,202,800) 
" (30)»(12) 


1,202,800 in.-lb. - ^ 
890 lb. per lin. ft. 


Tabu 2 —Find the safe moment per 12-in. width for a 6-in. solid slab with p 0.006, d 5 in., /« 20,000* 

ft « 800, n «• 15. Slab is freely supported. 


p « 0.006, if; » 0.844, / « 0.885. 

^ or jr - tiW - (1»(S)>(0.00«)(M.OOO)(0.888) 

Urn 81.860 

faftts 8.—TIdi taUe gives the vahtea for Jb, /, p and K for balanced working etresaes in reetangular beams and 
«l4bl, when L is 14,000, 16,000,18,000 or 20,000, for various workiiig swesses toae /«. 
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Tables 4 and 5.—These tables are for designing and estimating purposes. The area Aa per 12-in. width and 
net weight of steel per square foot are given for various spacings of merchantable bar sises, which may be more 
readily obtained than odd sises. 

Tables 6, 7 and 8.—These slab tables have been prepared for balanced steel and concrete stresses when n » 
15. Any thickness of slab from 3 to 10 in. and the reinforcement required may be obtained immediately for 
any given superimposed load per square foot The distance from center of reinforcement to bottom surface is 1 
in. m all cases and if a greater distance is required than this, M or >2 in insy be added without affecting the effoetive 

wl^ 

depth d and table values may be adapted accordingly. All tables are prepared for ilf • adapted 

tcZ* - tel* ... , , 

to -jq and as per mstructions given in tables. 

Find thickncHS of slab and reinforcement required for a 12-ft. span when the superimposed load is 150 lb. per 
sq ft 

ui/s 

M * “ 16.000, fr * 650, n « 15 

In Table 6 find column for 12-lt. span and follow down to the 149 and then to left where a 6-in slab is given 
requiring jt^-in rounds, 5 in. c to c.. or a selection of other bar sises with spacings as shown. 

wl^ 

If the same example is assumi^ when M « -Jq, follo\« instructions given in Table 6. A 6K-in. slab with A$ 
8® 0 508 has a superimposed load value of 189 lb for a 12-ft spun The dead load of this slab is 82 lb. 

(189 -f 82) «= 226 — 82 *> 144 lb. per sq ft superimposed load. 

Table 9.—It is often necessary to retain the same thickness of slab for spans that vary within reasonable limits. 
This table gives the safe moment in inch pounds for slab thicknesses varying from 4 to 8M i*i* with various steel 
percentages, for three combinations of allowable unit stresses, assuming n * 15 

For example, a 6-in slab may be selected for moments varying from 20,070 to 33,510 in.-lb., when/. *■ 16,000 
and /. « 650, or from 25,090 to 41,240 in.-lb. in case /. — 20,000 and /. 800. It may be interesting to note that 

as the steel reaches its limit of safe working stress for any individual slab thickness, the increase m moment beyond 
this point 18 not very appreciable 

Table 10 —This table is for estimating purposes, and may also be employed to find the weight per linear foot 
of any beam siae given. The instrui'tions in table are self-explanatory. 

Diagram 3 —The preparation of reinforced concrete shop drawings may be greatly facilitated by the use of this 
diagram to find the length of any bend which represents the hypothenuse of any triangle, when the length of two 
known sides are at right angles to one another The diagram applies when bends are made at 30 deg., 45 deg. or 
any other angle 

For example, it is required to find the length of straight portion between the bends of a rod, when the vertical 
distance center to center of rod is 30 in and the horisontal distance center to center of bends is 33 in First find 
the designation 30 at the right hand margin and follow this line to the left until the vertical line from 33 on the lower 
margin intersects, then follow this point of intersection parallel to the nearest circular line to the lower margin where 
44>ii in is read. 

Diagrams 4, 5,6 and 7.—Such diagrams are very useful in lessening the time consumed in the design of T-beams. 

t t t 

When 2 P known, either k or j may be found directly. With any given ratios for ^ and p, or ^ and k, 

it can at once be determined whether the neutral axis is in the fiange or in the web. 

Design the center cross section of a fully continuous beam of 2(X-ft span to sustain a total load of 1600 lb. per 
lin. ft. /. 16,000, /e “ 650, n * 16 Maximum shear allowable v ■» 120. The slab having been previously 
designed, f » 5 in 

The first consideration in the design of a T-beam is to provide a sufficient section for shearing stresses and a 
width such that the bars can be properly spaced. The sectional area required for shear is 


M 


b'd 


(1600) (10) 
“(K)(120) 
(1500)(20)* 

j2-(12) 


143 sq. in. 
600,000 in.-lb. 


If effective depth d « 16 in., then 5' « - 9 in. 

Now the approximate steel area A a may be obtained to find if the width 5' 
number of bars to be used 


_ 600,000 
' " (0.87) (16) (16,000) 


2.7 sq. in. 


9 in. is wide enough for the 


Th\a area will require say three H-in. rounds straight in the bottom and one J^-in. round and one 1-in. found bent 
in the top plane, or a total of 2.71 sq. in. 

Assuming three diameters as the minimum distance center to center of the l^-in. rods in the bottom, and a clear 
distance of IH in> from the sides, the minimum width b' is 8H in. Hence with the rods idaced in two planes, the 
width 9 in. found above is satisfactory. The effective depth d •• 16 in. will be measured from the top surface of 
slab or beam to the center between the two planes of rods In the bottom. 
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Now 


^ er «at 0.313. AsButntiig u widtfa of ilflnge on side of beam face equal to 4 times 6 or 20 


which is within the allowable limit, the total width 6 «* 49 in. The approximate percentage of steel is 

With th€‘8e values for p and Diagram 6 determines at once that the neutral plane is in the flange, hence Case I 
applies (see Art. 40r). 

^ _ M 600,000 

(49) (16) a “ 

From Diagram 2 when K ^ AH and /* “ 16,000, p is found to be 0 0033. 


A* - (0.0033)(49)(16) » 2.59 sq in. 

The bar sises selected above are sufficient and may be used. Since p 0.0033 it is quite evident that the concrete 
stress IS low, or from Diagram 2 not quite 400 lb. per sq. in. In this particular member it would not be necessary 
to investigate the compressive stress in concrete for positive moment unless the percentage p exceeded 0.00769 
(Table 3), which is the controlling value for p when/. “• 16,000,/<» "• 660 and n »• 16. 

Diagram 8.—To locate the points at which bends may be made in the bottom reinforcement of simple and 
continuous beams, consumes no little time, if a diagram showing these relationships is not available. To illustrate, 

wl* 

assume a continuous beam has been designed for M — and reinforced with three ^-in. rounds straight in the 

bottom and two 1-in. rounds to be bent. It is desired to find the points at which rods may be bent. The total 
urea of straight and bent rods is 2.89 sq. in. One 1-in. round bent rod represents 27 % of the total, and two 1-in. 
rounds 54 % of the total area. To find the point w'herc one l-in. round or 27 % of the steel may be bent up and 
leave sufficient area for positive moment, trace horizontally from the 27 % point at the right margin to the curve 

M ■» and then vertically to the lower margin a here 0.285f is read. By reading in the same manner two l-in. 
rounds or 54 % of the steel may be bent up at 0.20f. 


Table 1.—Areas, Perimeters and Weights of Rods 



Hound rods 



1 Square rods 

1 


Size 

.Area 

(square 

inches) 

Perimeter 

Weight per 

Area 

(square 

inches) 

Perimeter 

Weight per 

(inches) 

Cinches) 

foot (pounds) 

(inches) 

foot (pounds) 

y4. 

0.0491 

0.7854 

0.167 

0.0625 

1.00 

0.212 

Ms 

0.0767 

0.9817 

0.261 

0.0977 

1 25 

0.383 

H 

0.1104 

1.1781 

0.375 

0.1406 

1.50 

0.478 

7^s 

0 1503 

1.3744 

0.611 

0.1914 

1.75 

0.661 

H 

0 1963 

1.5708 

0.667 

0.2500 

2.00 

0.850 

Ms 

0.2485 

1.7671 

0.845 

0.3164 

2.25 

1.076 

M 

0.3068 

1.9635 

1.043 

0.3906 

2.50 

1.328 

‘Hs 

0.3712 

2.1598 

1.262 

0.4727 

2.75 

1.608 


0.4418 

2.3562 

1.502 

0.5625 

3.00 

1.913 

»Ms 

0.5185 

2.5525 

1.763 

0.6002 

3.25 

2.245 


0 6013 

2.7489 

2.044 

0.7656 

3.50 

2.603 

^Ms 

0.6903 

2.9452 

2.347 

0.8789 

3.75 

2.989 

1 

0 7854 

3.1416 

2.670 

1.0000 

4.00 

3.400 

Ms 

0.8866 

3.3379 

3.014 

1.1289 

4.25 

8.838 

H 

0.9940 

3.5343 

3.379 

i 1.2656 

4.50 

4.303 

Ms 

1.1075 

3.7306 

3.766 

1.4102 

4.76 

4.796 


1.2272 

3.9270 

4.173 

1.5625 

5.00 

5.312 

Ms 

1.3530 

4.1233 

4.600 

l.jr227 

5.25 

6.857 

H 

1.4849 

4.3197 

5.049 

i.'sooe 

5.50 

6.428 

Ms 

1.6230 

4.5100 

5.518 

2.0664 

6.75 

7.026 

H 

1.7671 

4.7124 

6.008 

2.2500 

6.00 

7.660 

Ms 

1.9175 

4.9087 

6.520 

2.4414 

6.25 

8.801 

H 

2.0739 

5.1051 

7.061 

1 2.6406 

6.50 

8.978 

His 

2.2365 

5.3014 

7.604 

2.8477 

6.76 

9.682 

H 

2.4053 

5.4978 

8.178 

8.0625 

7.00 

10.410 

>Ms 

2.5802 

5.6941 

8.773 

1 3.2852 

7.25 

11.X70 


2.7612 

5.8905 

9.388 

3.5156 

7.60 

11.980 

His 

2.9488 

6.0868 

10.020 

3.7639 

7.76 

12.760 

2 

8.1416 

0.2832 

10.680 

j 

4.0000 

1 _ ; 

8.00 

13.600 

... s 





162 


HANDBOOK OF BOiLDJNO CONSTRUCTION 




Tabui S.-VaiiVxs or k and j fob Rbctanoui.ab Beaus and Slabs 

k - V’sps + (jm)* “ P« / “ 1 - H* 



. H 

7.(^. + 0 


Tablb 3.—Use fob Rectangular Beams and Slabs 

> ,.x-4 


K - pfkjori 
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Table 5.—Spacing of Square Rods in Slabs 
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Sectional area of ateel per foot of slab and weight per sq. ft. of slab, when spaced as follows 

•A 


«MU5*-«OOiO<^Ci)*-<Oe»0100r«t<*h-CO<0>CiO 



9.37 

7 60 

6 25 

5 36 

4 69 

4 17 

3 73 

3 41 

3 12 

2 88 

2 68 

2 50 

2 34 

2 20 

2 08 

1 97 

1 87 

1 70 

1 56 

S 


i? 

oo<e5St>-o»'^«w«Da>55oO’e'Or*^»-*<ow 


7 59 

6 08 

5 06 

4 34 

3 80 

3 37 

3 04 

2 76 

2 53 

2 34 

2 17 

2 02 

1 89 

1 79 

1 69 
1.60 

1 52 

1 38 

1 27 

j 1 2656 

- 


20 40 
16 32 
13 60 
11 66 
10 20 
9 08 
8.16 
7 41 
6 80 
6 32 
5 81 
5 44 
5 10 
4 83 
4 52 
4 28 
4 08 
3 71 
3 40 


6 00 

4 80 

4 00 

3 43 

3 00 

2 67 

2 40 

2 18 

2 00 

1 86 

1 71 

1 60 

1 50 

1 42 

1 33 

1 26 

1 20 

I 09 

1 00 

0 7656- ' 1 000 

»-\ 

wt 

»HooO»-'e<^<C'oo©coiotO'-<r»h»Oeo«DN 

<o^’^oooosca©Noorf*tHO>«'^ev>rsoo© 

ij(5NOoo*^o<0‘0»0'**'^'^«eowweococMC>« ^ 


4 59 

3 67 

3 06 

2 62 

2 30 

2 04 

1 84 

1 67 

1 53 

1 42 

1 31 

1 22 

1 15 

1 08 

1 02 

0 97 

0 92 

0 84 

0 77 


Wt 

11 46 
9 18 
7 65 
6 56 
5 76 
5 10 
4 59 
4 18 
3 81 
3 54 
3 26 
3 06 
2 86 
2 72 
2 55 
2 41 
2 28 
2 07 
1 90 



ooh>C4o»«^co(N<HO©Oiaoa&r«r«cncoto 

W<N<N*^*-*»^*^-^»h.-hOOOOOOOOO 

0 5625 

w\ 

Wt. 

7 96 

6 36 

5 30 

4 56 

3 98 

3 54 

3 20 

2 89 

2 65 

2 45 

2 28 

2 14 

2 01 

1 87 

1 77 

1 67 

1 60 

1 46 

1 33 



<M.H.H.-«^r.iOOOOOOOOOOOOO 

c 

c 



Wt. 

QQ eiieoo^r*o©©co©o»cviQ)C4c<ius 



wJr^dooooodoooddoooo 

1 

c 




o6e5©«0"^fN*-«pc»o5oor»r-««><D»oiO’^ 

NW»-i.-i»-«*h»-«*-iOOOOOOOOOOO 



ooooooooodoodddoooo 

8 

© ' 

•is 

Wt. 

*-(^ooooddooedoddoooo 



$;8s«s::ssssssssss&ss 

oeoeeeoooooooeeoooo 

te 

c 

S 

c 


1 

[I 

center to 
center 
(Inches) 

i 

1 

' 

























714 528 400 308 241 189 149 
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T~T~WJTTM~rrTJ 


O fH 


1H ft It flS 




'in 'bs aad *q| 000*0K 
‘ * [)« qiptitt JO '«! 

Zl 196 iwi« |0 wv I 


CO CO t* 


tt 10 ^ »0 


s 





»o 

1 ^ 


c 

(U 

JS 




38 

49 

s 

CO 

h* 

86 

s 

to 

o 

CO 

*-4 







CO 

to 

66 

g 

94 

s 

•H 

to 

CO 

»-• 

3 

It 

to 

It 

CO 

h- 

•Ss 



5 

fH 

86 

s 

rM 

s 

iH 

s 

f -4 

8 

e 

i 

ot 

S' 

a 

5 ? 


48 

f: 

94 

01 

IH 

^•6 

u 

ft 

§ 

it 

s 

f 4 

§ 

1 


s 

s 

eo 

67 

S 

£3 

« 

1 

s 

1-4 

% % 


w 

ft 

CO 

10 

2 

3 

*2 

> 

s 

02 

to 

CO 

1-4 

to 

00 

00 

N 

1 

i 

Oft 

CO 

1 

1 

a» 

I 

40 

78 

Iii 4 

« 

l'^ 

213 

248 

285 

325 

367 

411 

458 

506 

00 

s 

s 

1 X 0 

171 

s; 

286 

331 

378 


483 

540 

600 

i 


B 

1-4 

Oft 

167 

239 

337 

392 

451 

515 

582 

§ 

a 

§ 

§ 

<0 

o 

137 

229 

344 

479 


637 

724 

817 

916 

1019 

1128 

1241 

10 

S 


350 

617 

715 

826 

945 

1072 

1207 






s 

1 356 

1 

571 

836 

1149 

|l 324 









to locp >ooo t*Q 0 < 0 * i^K«>4<eotoeft«0<» 






TTmrt i 15 i Mr 

e dooooooodd 


(wqaui) qtqo |0 
lHi9U3foiqx 1 


$ ^ 


S 5 S 


» X 


f{ninod>qoii| 
m ^noiitoj^ I 


i 


llllll 
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Tabus 9.--*Sthxnoth of Solid Slabs 

For Various Percentages of Steel when (/, * 16,000, - 650), (/, « 18,000, ft * 750) and 

(/. « 20.000, - 800) 

Batio n * 15 


Above heavy line Af, controls. Below heavy line Me controls. 


Slab 

Eflfeet- 

Ueinforoement 

(inches) 

Secfl 





Moment (inch-pounds) 

thick- 

ive 



area 

.5 



3 




nesfl 

(inches) 

depth 

(inches) 

Round 

Square 

At 

(12 in. 
wide) 

2 

i 

V 

k 

/. - 10,000 
/. - 650 

n » 15 
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Tablb ^.-^ CarUinued ) 



11 
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Tabus 9.—(ConH7Med) 


Slab 

Effect- 

1 Reinforcement 

1 Cinches) 

Sect’! 

c 

f 

1 


r—-- 

Moment (inch-pounds) 

thick* 

ive 



area 



A 



1 

1 

U088 

depth 



Aa 

(12 in. 
wide) 

s 

P 

J 

/s - 16,00 

0 /, * 18,0007. -20,000 

(inches) 

(inches) 

Round 

Square 

•« 

.o 




A - 05( 

) /. - 75( 

)'/r - 800 




1 




n -» 15 

n — 15 

»» — 15 



(Centers) 

(Centers) 



1 

1 





1 

61.3 

OH 

1 h- 4‘j 

1 »s- 7 

f 4 - 5H 
' 1 H- 9 

0 62 

Ohio 0079 

0 182 

0 873 

39,340 

44,940 

48,420 

OH 

OH 

1 h- 4 

' fs- 6W 

1 ii- 5 

1 H- 8 

0 59 

66 

0 0089 

0 400 

0 867 

40,900 

47,190 

50.350 

OH 

OH 

f H- OH 

1 H- s 

/ H- *H 
\ H- 7 

0 67 

66 

0 0102 

0 418 

0 861 

42,460 

48,990 

52,260 

7 

6 

{ H- 7^ 

^ H- 4H 

! H- 9>i 
' 6^ 

0 31 

72 

0 0043 

0 300 

0 900 

26,784 

30,120 

33,480 

7 

6 

(H- 7 

1 ^8- 4 

/ H- SH 

1 JS- s 

0 34 

72 

0 0047 

0 312 

0 896 

29,240 

32.900 

36,560 

7 

6 

/ H- OH 
\ H-io 

/ Vi- 8>i 

1 H- 4M 

0 36 

72 0 0050 

i 

0 320 

0 893 

30,860 

34,720 

38,580 

7 

6 

( H- 0 
\ 5^8- 9H 

1 Vi'- 7ii 

1 «- 4 Vi 

0 39 

72 

0 0054 

0 329 

0 891 

33,360 

37,530 

41.700 

7 

6 

f H- 
' «- 

I H- 7 

1 ^8-11 

0 43 

72 

0 0060 

0 344 

0 885 

36,530 

41,100 

45,670 

7 

6 

IH- 5 
' 7H 

/ Vi- 6Vi 

1 H-IO 

0 47 

72 0 0065 0 354 

1 1 

0 882 

39,800 

44,770 

49,740 

7 

6 

/ 4>2 

' H- 7 

/ Vi- 5ii 
\ »i- 9 

0 52 

72 

0 0072 

0 369 

0 877 

43.780 

49,250 

54,720 

7 

6 

1 H- 4 
^ h- 6H 

/ H- 0 
^ H- 8 

0 59 

72 

0 0082 

0 387 

0 871 

47,330 

51,600 

58,250 

7 

6 

i OH 

^ H- 8 

f H- 4H 
^ H- 7 

0 67 

72 

0 0093 

0 406 

0 865 

49,310 

56,890 

60,690 

7 

6 

1 H- 0 

1 7K 

1 H~ 4 

\ H- OH 

0 74 

72 

0 0103 

0 421 

0 860 

50,830 

58,650 

62,560 

7H 

OH 

/H- 7 

1 4 

I H- OH 
\ H- 0 

0 34 

78 

0 0044 

0 303 

0 899 

31,790 

35,760 

39,740 

7H 

OH 

/ H“ 

1 

1 H- OH 

1 H- 4H 

0 36 

78 

0 0046 

0 309 

0 897 

33,580 

37,780 

41,980 

7K 

OH 

!H- 0 

1 9^2 

1 H- 7H 
\ H- 4H 

0 39 

78 

0 0050 

0 320 

0 893 

36,220 

40,750 

45,270 

7>^ 

OH 

] H- OH 
^ H- OH 

1 H- 7 

\ H~n 

0 43 

78 

0 0055 

0 331 

0 890 

39,800 

44.780 

49,750 

7H 

OH 

IH- 0 

1 H- 7H 

1 H- OH 

1 H-io 

0 47 

78 

0 0060 

0 344 

0 885 

43,260 

48,670 

54,070 

7>i 

OH 

1 H- 4H 
\H- 7 

1 H- OH 
\ H- 9 

0 52 

78 0 0067 

9 358 

0 881 

47,640 

53,600 

a 

7>i 

OH 

IH-4 
^ H- OH 

1 H- 0 
\ H- 8 

0 59 

78 

0 0076 

9.376 

0 875 

53,690 

60,400 

66,720 

7H 

OH 

1 H- OH 

1 H- 8 

1 H- 4H 

1 H- 7 

0 67 

78 

9 0086 

9 394 

0 869 

56,420 

65,100 

69,440 

7H 

OH 

IH- 0 

1 H- 7H 

fH- 4 

1 H- OH 

0 74 

78 

9 0095 

9 400 

0 864 

58.230 

67,190 

71,660 

7H 

OH 

1 H- OH 
y H- OH 

1 H- OH 

1 H- 0 

0 85 

78 

9 0109 

9 430 

0 857 

60.720 

70,060 

74,730 

8 

7 

( H- OH 

1 H-iO 

j H- OH 
\ H- 4H 

0 36 

84 

9 0043 

9 300 

0 900 

36,290 

40,820 

45,360 
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Table 10 


Depth 

(inches) 

Cubic feet in one linear foot of beam when beam widths are as follows: 

_ . 

6 

8 

9 

10 

11 

12 

13 

1 

1 

15 

1 

16 

8 

0 

33 

0 44 

0 50 

0 56 

0 61 

0 67 

0 72 

0 78 

0.83 

0 89 

9 

0 

38 

0 50 

0.56 

0 62 

0.69 

0.75 

0.81 

0 88 

0 94 

1 00 

10 

0 

.42 

0 56 

0 62 

0 69 

0.76 

0 83 

0 90 

0.97 

1.04 

1.11 

n 

0 

46 

0 61 

0 69 

0.76 

0 84 

0 92 

0 99 

1.07 

1 15 

1.22 

12 

0 

50 

0 67 

0 75 

0.83 

0 92 

1 00 

1.08 

1.17 

1.25 

1.34 

13 

0 

54 

0 72 

0 81 

0 90 

0.99 

1.08 

1 17 

1 26 

1 36 

1.45 

14 

0 

58 

0 78 

0 88 

0.97 

1.07 

1.17 

1.26 

1 36 

1.46 

1.56 

15 

0 

63 

0 83 

0 94 

1 04 

1 15 

1.25 

1.36 

1.46 

1.56 

1.67 

16 

0 

67 

0 89 

1.00 

1.11 

1.22 

1 33 

1.45 

1.56 

1.67 

1.78 

17 

0 

71 

0 94 

1 06 

1 18 

1.30 

1.42 

1.54 

1 65 

1.77 

1.89 

18 

0 

75 

1.00 

1,12 

1.25 

1.38 

1.50 

1.62 

1.75 

1.88 

2 00 

19 

0 

79 

1 06 

1 19 

1.32 

1 45 

1.58 

1.72 

1 85 

1 98 

2 11 

20 

0 

83 

1.11 

1.25 

1.39 

1.53 

1 67 

1.81 

1.94 

2 08 

2.22 

21 



1 17 

1 31 

1.46 

1 60 

1 75 

1.90 

2 04 

2 19 

2 34 

22 



1.22 

1.37 

1.53 

1.68 

1.83 

1.99 

2 14 

2.29 

2.44 

23 



1.28 

1.44 

1 60 

1.76 

1 92 

2 08 

2.24 

2 40 

2.56 

24 



1.33 

1.50 

1.67 

! 1.83 

2 00 

2.17 

2 33 

2 50 

2.67 

25 



1.39 

1.56 

1.74 

1.91 

2 08 

2.26 

2 43 

2.60 

2.78 

26 



1.44 

1.62 

1.80 

1.99 

2 16 

2.35 

2.53 

2.71 

2.89 

27 



1.50 

1.69 

1.87 

2.06 

2 25 

2.44 

2 62 

2 81 . 

3.00 

28 



1.55 

1.76 

1 94 

2.14 

2 33 

2 53 

2.72 

2 92 

3.11 

29 



1.61 

1.81 

2 01 

2 22 

2 42 

2 62 

2.82 

3 02 

3 22 

30 



1,67 

1.87 

2.08 

2.29 

2.50 

2.71 

2.92 

3.12 

3.34 

31 



1.72 

1,94 

2.15 

2.37 

2.58 

2.80 

3 01 

3.23 

3.44 

32 

* 

•• 

1.78 

2.00 

2.22 

2.44 

2 67 

2.89 

3 11 

3.33 

3.56 


Nots.—F or oonorote weighing 150 lb. per en. ft. convert cu. ft. in table into lb. per lin. ft. by adding half of 
itaelf to any given quantity and shifting deeunal point two places to the right. 

Example.—B eam 10 X 18 in. « 1.25 eu. ft. per. lin. ft. 

1.26 + (H X 1.25) - 1.88 - 1881b. per lin. ft. 
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Use to Locate Points for Bending Reinforcement. 



Location of section in terms of* span length 




43. Reinforced Concrete Stairs.—Reinforced concrete on account of its fireproofness 
permanency and adaptability, has become a very common material for use in the construction 
of stairs and platforms, and has superseded to no little extent the use of steel and iron in stair 
construction in many types of buildings. 

The most essential requirement of a stairway, with the exception of strength, is fireproof¬ 
ness, which will insure a safe and uninterrupted exit in the event of fire. Stairway shafts 
should be enclosed with fireproof partitions or walls having fire underwriters’ labeled automatic 
firedoor entrances. 

Stairways are usually designed with short straight flights, with one or two intermediate 
platforms. Long uninterrupted flights without platforms from one floor to that of another 
are objectionable and seldom employed. 

48a. Design.—The design of a reinforced concrete stairway embodies the sim¬ 
plest form of non-continuous solid slab construction with span equal to the horizontal distance 
center to center of supports. The stairway consists simply of a solid slab with risers fwid treads 
formed upon its upper surface. The span of the slab usually includes the stairway slab and a 
platform between the supports. The stresses in the latter type of stairway slabs are more or 
less indeterminate, although the usual practice of computing such irregular ones as freely sup¬ 
ported members, has given satisfactory results in every known instance. 

The design of stairwa 3 rs often presents awkward problems of arrangement. The beginning 
of the stairway slab usually rests upon a beam girder or special member at the floor level, and 
the fiASt platform is often supported by an intermediate spandrel beam or brick wall in case of a 
wall bearing building. When a platform occurs on the interior of a building (Figs. 47 .4 and 47 B), 
specially devised rod hangers are usually provided, suspending the edge of platform from a 
beam at the floor above. Such hangers should be encased preferably in concrete and concealed 
in partitions when the same enclose the stairway (see Figs. 47 A and 47 B). Occasionally it 
18 required to design a stairway of unusual span without the opportunity of providing intor- 















170 


HANDBOOK OF BUILDING CONSTRUCTION 


[Sec. a~43<i 


mediate supports. In this case inclined concrete stringers or beams following the rake of the 
stairway and supporting one or both sides, as conditions may dictate, are employed to lessen 
the span of stair slab. 

When a winding stairway consists of three stair slabs and two platforms, the intermediate 
stair slab is often supported directly by the two platforms (sec Figs. 48 A and 48 B). In this 



Fio. 47A. 


case the upper and lower stair and platform slabs in combination are designed to support the 
concentrate load of intermediate stair slab, in addition to their own dead and live loads. 

Stairways are usually designed for a superimposed live load of from 40 to 100 lb. per hori¬ 
zontal square foot, depending upon the character of service desired. Theatres and public 
gathering places demand greater attention to the live loads assumed than stairways in office 
b||iidings, jjiotels, warehouses, et^^, inhere frequent congestion is a remote possiliility. 
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436. Construction and Details.—Stairways are preferably poured at the same 
time as the supporting members. If constructed after the floors have been completed, it has 
often proved better construction to install the reinforcement, properly spaced, with ends of bars 



Plan ‘"C'-C" 
Fig. 47B. 


projecting a sufficient distance into the supporting members at floors, prior to the pouring or 
floors, otherwise dowels at specified intervals should be inserted long enough to provide suitable 
laps for stair rods when placed. In addition to dowels, rabbets should be formed by means of a 
wood strip secured to the side of beam form, to form a support for the future stair slab. 

Ibe method employed to finish the tread or run of a stairway is of considerable importance 
when considering durability and safety. The finish of tread, being subjected to the severest 
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wear, should be treated with one of the recognized chemical or metallic surface or integral Boat 
hardeners or else safety treads of some desirable make should be employed to render the stalr^ 
wjay permanent and safe (see Fig. 49). 



Section 'A-A" 


PIQ. 48B. 


Ihe rise of a stair represents the distance from the top of one step to the top of the next 
and the run the horizontal distance from the faoe of one riser to the face of the next. Theeiss- 
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tomary rise employed varies from 6H toJH In. aad the run from lOK to 11 in. A rise greater 
than 7^ ia objectionable and results in making a stairway too steep for comfort and safety 
(sec Fig. 50). 

At the upper juncture of risers and treads, sharp or angular corners should be avoided in 
the case of cement finish. Rounded nosings of cement are more desirable in the absence of 



metallic treads, marble, etc. When cement finishes arc used, the same should be applied soon 
after the stair is poured (see Fig. 51). 

The railing most commonly used consists of a 2-in. gas pipe rail with stanidiions at proper 
intervals to insure rigidity. The stanchions are usually secured in pockets provided by wood 
plugs placed prior to pouring of concrete, or by means of expansion bolts. 





Concrete railings are often used where open railings are undesirable. This fonn of railing 
consists of a reinforced concrete slab 3 to 4 in. thick with provision for a wood hand rail secured 
to the top. The hand rail should be placed on an average of about 2 ft. 6 in. above the tread 
on a line vertical with the face of riser. 


WOODEN GIRDERS 
By Henry D. Dewell 

The loads coming upon the girders of a fioor system consist of the loads delivered by 
the fioor joists, plus the weight of the girders themselves, plus any loads coming directly 
upon the girder, as distinguished from loads transmitted by the joists. Girders often carr>' 
partition loads directly. 

In office buildings, dwelling houses, and certain areas of other buildings, exclusive of 
warehouses and storage buildings, where crowds of people cannot congregate, the live load 
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~Builfc-\ip wooden girders may be divided into the fol- 


coming upon the girders is reduced iu Intensity. The reduction factor is specihed in builditig 
ordinances, and is usually taken as 20 %. 

Horizontal shear at the ends of girders often governs the girder section, as in the case of short 
spans with heavy loading, and this stress should always be checked. I 

The end connections of girders are of much more importance than the end 
connections of joists, as the girders of a building, together with the posts, usually 
form the stiffening frame of the building against lateral forces. Particular atten- | 
tion also needs to be paid to the design of the support of wooden girders, as __ 

failure of a girder would mean the probable collapse of at least a whole floor bay. B u i *11 - u p 

Wooden girders, even if continuous over two spans, are generally computed 
as simple beams. 

The detail of end connection of girders will depend on the type of building. If such building 
is of mill construction with heavy masonry walls, the wall ends of girders should be encased 
in wall boxes, the inner end connections designed to allow the girders to fall, in case of fire, 
without pulling the columns with them. In other types of buildings, as the mill type, stiff 

_ rigid connections of girders to 

posts may be desirable. 

44. Girders of Solid Section. 
—The section of wooden girders 
Fio. 83 -Built-up girde.—type (2). Composed of Solid sticks of timber 

are to be designed exactly as 

treated under “Wooden Beams.’’ 

46 . Built-up Wooden Girders.—Built-\ip wooden girders may be divided into the fol¬ 
lowing types: 

(1) Girders constructed of planking, set side by side, the width of plank vertical, as in 
Fig, 52. 

(2) Girders constructed of two or more timbers set on top of one another, but not fastened 
together, as in Fig. 53. 

(3) Girders constructed of two or more timbers set on top of 
one another, and diagonally sheathed with boards or planking, as 
in Fig. 54. 

(4) Girders constructed of two or more timbers set on top of 
one another, and effectively fastened together by means of hard 
wood or metal keys or pins, combined with bolting, as in Fig. 55. | 

Type (1).—A girder, or beam, of this type, if all planking ex¬ 
tends the full length of girder, is of full nominal thickness, and is 
well spiked and bolted together. It is generally given credit for 
being somewhat stronger than a girder or beam of solid section of Fiq. 54.—BuUt-up girder—tsrpe 
the same dimensions, since the planking is assumed to be better 
seasoned and freer from defects, particularly checks, than the 

larger solid timber. A construction of this type is often observed in small buildings where 
planks are more easily obtained than heavy timbers, and where the solid section construction 

might incur purchase of additional material by the contractor. 
Insufficient spiking, lack of proper bolting, probability of planking 
^IITT T ' O under-running in thickness, thus giving an actual size of finished 

’ixT J J ^ \ beam less than the solid section, possibility of some planks being 

4 4 4 iTyj ‘ I i ^ spliced, and the probability of upper surface of girder being 
j uneven—t.c., one plank projecting higher than another, giving 
uneven bearings for the joists—are practicid reasons for always 
advocating the beam of solid section. Incidentally, no building 
ordinance gives the built-up girder any advantage in strength. 


Solid sections should be insisted upon for important beams. When it is necessary to use this 
type of built-up girder, provide two bolts at each end, and pairs of bolts at intervals of 2 ft. 
al^ the length of beam, the size of bolts to be not 1 m than H in., and preferably H 
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Type (2).—This type of girder should never be used. The strength of the combined 
section is practically no more than the sum of the strengths of the component sticks, each 
stick acting as a separate beam. Even if such a girder should be constructed of planking, well 
spiked together, the above statement of resulting strength would hold, as the nailing would be 
insu£&cient to prevent one plank from slipping on another. 

Type (3).—In this type of built-up girder, as in the following type, the object of all con¬ 
nections between the component sticks (usually two) is to prevent relative motion along the 
plane of contact. If this condition of no-slip could be attained, the compound girder would 
have the strength of a single stick of timber of the same outside total dimensions. Type (3) 
is considerably less efficient than Type (4), both as regards ultimate strength and deflection 
under load. The diagonal sheathing is spiked to the timbers, and the sheathing should be at 
45 deg. with the length of girder. 

Tests made by Edgar Kidwell (see Trans. Am. Soc. Mining Engineers, 1897, vol. 27) showed 
an efficiency of approximately 70%., based on the ultimate strength, as compared to a beam of 
solid section, while the efficiency factor based on deflection was about 50%. 

The sheathing for such girders should be not less than 1)4 i». and not over 2 in. in thickness. 
With such sheathing the nails should be 10 or 12-D for the smaller thickness, and 20 to 30-D 
for the 2-in. sheathing. For a girder supporting uniform load the diagonals near the ends 
require the most spikes. The spiking in each diagonal should be concentrated near the plane 
of junction of the timbers, and at the ends of the diagonals. 

In designing a girder of this type, it must be remembered that the case is not similar 
to that of ‘a truss. In a truss are two chords, in each of which, due to the small depth of chord 
as compared to the large depth of truss, the stress is practically uniform throughout the cross 
section of each chord, and the diagonals take either tension or compression. The side planking 
in the built-up girder under discussion is subjected to bending moments, and, consequently, 
the nails take unequal loading. Any slip of the nails under stress allows a corresponding slip 
in the plane of contact of the two main timbers, with a consequent deflection of the girder. 
By referring to p. 239 it will be found that nails under lateral or shearing strain slip at a 
small load. 

Type (4).—In the girders of this class, the tendency of one timber to slip over the other is 
resisted by wedges, keys, or pins driven into the contact faces of the timbers. These wedges, 
whether rectangular, square, or round, perform their main function through bearing against the 
ends of the fibers of the timbers. A second action is pressure across the fibers of the timbers. 
The action of these wedges tends to separate the two timbers, resulting in tension in the bolts. 
The amount of such tension depends primarOy upon the shape of wedge. For example, a 
square key will produce a greater bolt tension than a rectangular key with long axis parallel 
to the length of girder, while a circular key or pin will give the greatest tension in the bolts. 

The number and size of keyf is to be determined directly from consideration of horizontal 
shear in the girder, in accordance with the principles of Sect. 1, Art. 63, and illustrated in the 
typical example hereafter. 

Hie bolts in such a girder are assumed to take only tension, although, due to their resistance 
to lateral forces, they add somewhat to the strength of the girder. However, it is always advis¬ 
able, and on the safe side, to neglect such lateral resistance of the bolts. 

Kidweirs series of tests on girders of this type showed a maximum efficiency of 75 to 80% 
of an equivalent girder of solid section, the former figure representing girders with white oak 
keys and the latter figure with keys of iron. 

Any ^mnkage in the timbers will allow the component parts of the girder to separate, 
with a consequent loss of efficiency, and an increased deflection. As fully seasoned timber 
is not always available, this type of girder should be avoided for cases in which the major portion 
of the load is aconstant load. For situations in which the girder carries live load for the greater 
part, in which access may be had to tighten the bdts as the wood seaso^ and when it is reason¬ 
ably eertain that such maintenance will be ipven, this girder may used with oot&fldenoe. 
Obvioustfi the keyed girdar is fUtrUculariy unsuited fur such kcatioiis as will proiffidt access 
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4$. ISzifitpies of boolgn of Solid and Btiilt-isp Girdors.—The following typical exam|iletf 
will illufittrate the method of design for the most common cases that will be encountered: 

CondUionB «/ D98ion: 

Span: 26 ft. 

Loading: Uniform load of 1500 lb. per linear foot. 

One concentrated load of 6000 lb., 7 ft. from left support. 

One concentrated load of 14,000 lb. at center of span. 

One concentrated load of 2000 lb., 9 ft. from right support. 

Timber: Long leaf yellow pine, Dense Structural Grade. 

The reactions are given in Fig. 56 and the bending moment curves in Fig. 57. The parabola of moments for 
uniform load is plotted above the base line, and the polygon of moments for concentrated loadb below this line. 
The following unit stresses will be used: 


Bending stress on outer Obers. 

Longitudinal shear. 

Bearing across grain. . 

Bearing against grain. 

Sciid Oirder .—Maximum bending moment •" 248,100 
ft.>lb. From Table 6, p. 108, an 18 X 24-in. girder, sur¬ 
faced to 17H X 23H In., has a resisting moment of 
241,610 ft.-]b., which will be near enough to be used, or 
a double girder may be used. For example, 2 — 14 X 
20-in. sticks would have a safe resisting moment of 
256,670 ft.-lb. The required cross section for longi¬ 
tudinal shear is 



Fxo. 56.—^Loads and reactions for of Art. 56. 


1800 lb. per sq. in. 
175 lb. per sq. in. 
400 lb. per sq. in. 
1800 lb. per sq. in. 



Either of the above girders has an excess of timber for shear. 

Built-up Girders.—Type (1) could not be considered, as no standard planking 20 or 24 in. is made. 

Type (2) would require 2 — 14 X 20-in. sticks, one on top of the other—an impractical consideration. 

Type (3).—Maximum bending moment 248,100 ft.-lb. Usinganefficiencyfaotorof 70% the moment to be 

designed for is 355,000 ft.-lb. Assume a width of 14 in. The required section modulus 


(355,000X12) 

1800 


2370 



32.4 in. 


Use 2 — 14 X 18-in. sticks, finished section 13H X 35 in. 

Use 2 X 12-in. sheathing both sides, spiked with 40-D nails—detail similar to that of Fig. 54. 
Type (4),—Assume efficiency factor of 80% 

24ft too 

Designing moment ■■ —gr— — 310,000 ft.-lb 


(310,000X12) 

180C 


2070 


Assuming a width of IBH i&«» the required depth Is found to be 30.2 in. Use 2 — 14 X 16-itt. sticks, S4S,* actual 
combined seetioii 13H X 31 in., section modulus 2160. 

A shear diagrem is next oonstmeted, as shown in Fig. 58(a). Each ordinate of this diagram represents the 
total wtioal shear at the point where the ordinate is taken, and this total vertieal shear is proportional to the 
intensity of the horisontal shear at the same point. Considering Point (1), direoUy under the coneen- 
tratedleadef 60001b., the total vsrtiealidiear lust to the left of this point ie 31,600 - (7)(1500) • 21,l001b. The 
^Burlaead four sides. 









J78 


HANDBOOK OF BUILDING CONSTRUCTION 


[Sec. S-4« 


ordinate one foot to the left will have a value of 31,600 (6)(lfi00) ■* 22,600 Ib. The area of the trapeaoid be¬ 


tween theee two ordinates is therefore 


22,600 + 21,100 


« 21,860 ft.4b. The maximum inteneity of horiiontal 


shear at a point immediately to the right of Point (1), is 

y ^ 21,100 

6d " ^ ‘ ' 




■■ 76 lb. per sq. in. 



(o) 3000^ 

- 


Diagram 




Summatfon of 
Vertical Sheai 


■ (13H)(31) 

The next step is to find a means for determining the proper spacing of keys. Two methods will be explained* 
Method 1.—^For this purpose, the total vertical shear between the point of sero shear and each point of divi¬ 
sion of beam is computed by adding together the differential shears between these two points. The corresponding 
ordinates are drawn, giving the line ABC in Fig. 68(b). The summation of the vertical shears to the left of the 

point of 2 cro shear is found to be 248,060 ft.-lb.; agreeing 
with the value of the bending moment, which furnishes 
a check on the work. Bimilarly, the summation of 
the vertical shears to the right of the point of sero shear 
will give, the same value. 

Since, for practical reasons, all keys will be of 
uniform sise, and must therefore be stressed uniformly, 
the spacing of same must vary. The number of keys 
for the left half of girder will be taken at 5. 

Method 2.—A much simpler method for con¬ 
structing the total shear diagram will now be shown* 
In Fig. 67 the dot-dash line represents the curve of the 
total bending moment, the ordinates of this curve being 
the sums of the corresponding ordinates of the moment 
curves for the uniform and concentrated loadings. 

If the horisontal line AB be drawn through the 
apex of this total moment curve, the latter curve re¬ 
ferred to the line AB becomes the curve for the total 
vertical shears—in other words, the figure ABODE 
becomes the total shear diagram. 

To find the proper spacing of the keys for the left 
half of beam, the vertical ordinate (248,100 ft.-lb.) of 
the total shear diagram is divided into 6 equal spaces, 
horisontals drawn from these division points to the 
curve of total shear, and vertical ordinates drawn from 
these intersection points to the base line. These ordinates divide the area ABK, (Fig. 58b) or ADE (Fig. 57) 
between the curve and base line, into 6 equal divisions. The points on the girder thus found determine the posi¬ 
tion of keys. Referring to either Fig. 58 (b) or Fig. 57, the proper spacing of keys for the left half of the girder 
is found to be two spaces at 20 in., one at 26 in., and one at 31 in. The spacing of keys for the right of the center 
of girder may be found in the same manner. 

Order with Rectangular Keye .—In the above example the girder will first be designed for rectangular oastr-iron 
keys. Assume 6 keys between the left support and the point of sero shear. Each key will therefore resist one- 
hfth of the total horisontal shear. 

The required dimensions of each key will be determined from the following consideration. The forces acting 
upon the key are shown in Fig. 59. 

Let p* •" maximum allowable 
intensity of pressure 
against ends of 
fibers. 

maximum allowable 
intensity of pressure 
across fibers of 
timber. 

• thickness of ke>. 

• length of key. 

• resultant pressure 
against fibers of 




Fio. 


p" - 1 


t < 
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Fid. 59.—Diagram of distribution of pressures on rectangular key. 


Then 


timber for section of key one inch in width. 

P** resultant pressure across fibers of timber for section of key one inch in width. 

''(D-'-d*) 

'"-(¥)(r) 




Whence 
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6 


For 

iVlienoe 

The total horiiontal shear is 


L* 2?-L* ® ^ 

* 4p" “ 2 ‘ p" 

L- 1.2261 

p' » 1800, and p" » 400 

- VO - 2.12 

L - (1.225)(2.12)< » 2.6 
( 3 / 2 ) (12) » 144,0001b. 


I I I 




2-/4\/€^’S4s 


r^r-▼ I 

£-i^Botts throughotA^ 


-1 

Fio. 60.—Detail of built-up girder aith cast-iron keys. 


,, (28.800) (2.376) .. 

— (2/3) (6)(^ — *“ 4276 lb., or four bolts are required. 


Washers 4X4 


Each key must therefore resist 28,800 lb. At 1800 lb per sq. in. in bearing against the grain, and with a width of 
key of 13^4 in., one-half the depth of key must be 
28 800 

( 13 6)(i806) " l*l®inMor the total thickness of key 7*- 

must be 2.38 in. The minimum length of key must 
therefore be 2.38 X 2.6 » 6.10 in. 

The minimum distance between keys, consider- 

ingshear, must not exceed -12.2; adding 

the width of key, the minimum spacing of keys, 
center to center, must not be less than 18H in., which 
is less than the smallest spacing found. 

The bolts for each key should be spaced on each 
side of each key and equidistant from the center line. 

Assume four bolts for each key. The stress in each 

bolt will then be >4‘ “ 

X H s in. will be used. 

The detail of the left half of the girder is shown in Fig. 60. 

Girder with Circular Shear Pine ,—For this design circular pins, 2-in. in diameter, of solid iron, extra heavy steel 
pipe, Australian Ironbark or Hawaiian Ohia will be used. Each pin will be considered capable of resisting a shear 
of 800 lb. per linear inch of pin. With a IdH-in. length of pin, therefore, one pin will have a resisting value of 13H 

X 800 — 10,800 lb. Since the total horisontal shear is 144,000, the total number of pins required is ^qq 

— 14.4. Dividing the end ordinate into 15 divisions 
and proceeding as before, it will be found that the 
minimum spacing of the pins near the end of the girder 
is 6 in. The spacings of all pins for the left half of 
girder, commencing at the center line of support of 
girder, are as follows: 2 spaces at 6 in.; 6 spaces at 7 
in.; 1 space at 8 in.; 1 space at 9 in.; 1 space at 10in.; 
1 space at 13 in.; 1 space at 10 in.; and one space at 19 
in. For each pin there will be required bolts sufficient 
in tension for 10,800 lb. Two bolts will be used, 
with 4 X 4 X H 6-in. washers. The detail of one-hali 
of girder is shown in Fig. 61. 

47. Flitch-plate Girders.—A flitch-plate girder is a combination girder of timber and steel, 
composed of two sticks of timber with a steel plate between them, or three sticks of timber with 
two steel plates, bolted together, the contact planes between timber and steel plate being parallel 
to the plane of bending (see Fig. 62). 

This combination girder is seldom 
used at the present time, the usual 
availability of steel structural shapes 
making the flitch-plate girder prac¬ 
tically obsolete. Situations may 
sometimes exist, however, when the 
use of this type of girder may be 
warranted. 



Fw. 61.—Details of built-up girder with circular shear pins. 


Section 



Pia. 62.—Detail of flitched-plate girder. 


Consider any plane cross-secfcion of such a combination girder: the deflection and also the 
deformation of all points in such section on a line normal to the plane of bending must be the 


tf 



180 


HANDBOOK OF BUILDING CONSTRUCTION 


[Sm. »-48 


same. Since the modulus of elasticity is the ratio of stress to d^ormstion, it follows that 
the extreme fiber stresses of timber and steel will be in proportion to their moduli of elastieity, 

f. ¥. 

where the subscripts and represent timber and steel, respectively. This relation 
of extreme fiber stresses means practicall}*^ that with the steel plate working efficiently (extreme 
unit fiber stress of 16,000 lb. per sq. in.) the limiting extreme unit fiber stress in the timbers is 
approximately K8 to Mo of the allowable working stress for steel. In the case of a fiitch-plate 
girder of long-leaf yellow pine and steel, the timber would be stressed to approximately 900 
lb. per sq. in. The timber is therefore working at an efficiency of about 60%, while that steel 
plate in the rectangular section is only approximately 55% efficient as compared to an I-beam 
of equal depth and weight. 


Ab an illustration of the computation for the strength of a flitoh-plate girder, assume a girder composed of 3 -* 
4 X 16-in. timbers of No. 1 Common Douglas fir (finished section 3H X in.), with two H X steel 

plates between the timbers With a span of 24 ft., it is desired to find the safe load, uniformly distributed, that the 
girder will support. 

Maximum allowable imit fiber stress in timber >■ 1500 lb. per sq. in. 

Maximum unit fiber stress for steel plate 16,000 lb. per sq. in. 

E for Douglas fir »> 1,600,000 
E for steel »> 29,000.000 

1 600 000 

Therefore, for flitch-plate girder, the maximum unit fiber stress in bending can be only ^ (16,000) 880 

lb. per sq. in. 

The resisting moment of the three timbers in foot-pounds (see Sect. 1, Art Old) is 


ilf- 


1 {±\ ( 880) (10.5) (240) 

6*^ Vl2y (6)(12^ 


30,800 ft.-lb. 


The resisting moment of the two steel plates is 




1 .X,. / 1\ (16.000)(0.75)(240) 

6 te;-(«Ti2)— 


= 40,000 ft.-lb. 


The combined resisting moment is therefore 


30,800 -f 40,000 « 70,800 ft.-lb. 
M 70,800 ft.-lb. 

(70.800) (8) 


W - 


24 


23,600-lb. 


The detail of this girder is shown in Fig 62. The timbers and steel d the fliteh-plate girder should be well 
bolted together; such bolting should consist of not less than two M*in. bolts, 2-ft. centers 

In designing a fiitch-plate girder for a definite span and loading, the thickness of timber should be from 16 to 
18 times the thickness of steel. 


48 . Trussed Girders.—For situations in which the span or loading, or both, are too great 
for a girder of single timber section, the trussed girder type is effective, if space limitations will 
allow its use. The trussed girder is preferable to either the built-up or deepened girder, or 
to the fiitch-plate girder, principally on account of its efficiency and reliability of action. In the 
trussed girder no fear ne^ be entertained as to decrease of initial efficiency or inci^ease of de- 
fiection from initial conditions, due to shrinkage of timber, with consequent slip of fastenings. 

Trussed girders may be divided into four types, as follows: 

(1) King Post trussed girder. 

(2) Queen Post trussed girder. 

(3) Reversed King Post trussed girder. 

(4) Reversed Queen Post trussed girder. 

These types are illustrated in Figs, 63, 64, 65 and 66. 

Trussed girders are adapted particularly for either uniform loading or concentrated loads 
situated symmetrically with respect to the center line of girder. Both the Queen Post girder 
and the Reversed Queen Post girder are unsuited for un 83 mimetrical loading. Since each eon* 
tains a rectangular panel, loading unsymmetrical in distributicm with respect to the center 
line of girder will cause bending stresses In the joints of the girder, which cannot take such 
stresses. 
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The detemunation of the stresses in a trui^d girder is a problem in least work, 
practical purposes the following approximate formulas are sufficient: 

(Uniformly DistribuiEd toading: 

Figa, 6$ and 05, (King Poet and Reversed King Poet types) 

Tension in DB (Fig. 63) or compression in BD (Fig. 05) HW 

Wl 

Tension in AB and BC (Fig. 03) or compression in AB and BC (Fig 66) 

Wa 

Compression in AD and DC (Fig 63) or tension in AD and DC (Fig. 65) * 

To the stresses thus found in members AB and BC, must be added the Oexural stresses resulting from tlMUSe 
members acting as beams carrying the uniform loading between A and B, and B and C. 



Pio. 03.—King post girder. 



The bending moment in inch poun^jU in AB and BC » Af (l/8)(W/2)<l/2)(12) 
/(tfiftd*). The maximum unit flexural stress is, therefore, 

, _ 2.2bWl 
^ * 5d* 


HWl; also Af -/S • 


Figs. 04 and 06. (Queen Post and Reversed Queen Post types) 

Tension in FB and EC (Fig. 04) or compression in BF and CE (Fig. 66) 

Tension in AB, BC and CD (Fig 64) or compression in AB, BC and CD (Fig. 66) = 

Compression in FE (Fig. 64) or tension in FE (Fig. 06) » 
Compression in AF and ED (Fig. 64) or tension in AF and DE (Fig. 60) 




As in the king post truss, to the unit stress in the members AD from the formula above must be added the 
flexural stress due to the timber acting as a beam. The extreme fiber stress due to this bending may be taken as 




Coneanirated hooding i 

Figs. 03 and 66. (King Post and Reversed King Post types) 

Concentrated load P at center of span. 

Tension in DB (Fig. 63) or compression in BD (Fig. 66) •« P 
Tension in AB and BC (Fig. 63) or compression in AB and BC (Fig. 06) ^ 

Compression in AD and DC (Fig. 63) or tension in AD and DC (Fig. ^ 

Obviously, there are no flexural stresses in this case to be added to the primary stresses found above. 
Figs. 64 and 66. (Queen Post and Reversed Queen Post types) 

Coneentrated load P at B and C 

Tension in FB and SC (Fig. 64) or compression in BF and CS (Fig. 66) •• P 
Tension in AB, BC and CD (Fig. 64) or oompres^on in AB, BC and CD (Fig* 66) 

Compr e s s ion in FS (Big. 64) ot temdon in FB (Fig. 66) • 

Pa 

Compression in AF and SD (Fig. 64) or tension in AF or ED (Fig. 66) «■ 

Tht itremss resulting from these formulas are aU that need to be considered. 
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4Sa. Details of Trussed Girders.—In the girders of Figs. 63 and 64, tho vertical 
members only are of iron or steel, in the form of rods. Since such rods are short, plain rods— 
t.e., without upset ends—should be used. Attention must be given to the washers, to the end 
that sufficient area be provided to avoid crushing the fibers of the timber. As great a depth 
as possible should be given to these girders, not alone to reduce the stresses and the defiection 
hut in order that the stresses of the end connections may be kept within limits. With a small 
depth of girder, the inclination of the members AD and DC of Fig. 63, and AF and ED of Fig. 
64 will be so small that it may be found impossible to design connections at A and C of Fig. 
63 and A and D of Fig. 64 that will hold. As a matter of fact, trussed girders of these types arc 
seldom used. 

The horizontal timbers of the girders of Figs. 65 and 66 may be single sticks or double or 
triple sticks of timber, spaced with a distance between sufficient to allow the diagonal rods to 
pass. One or two rods may be employed. The ends of tho timbers are usually beveled off at the 
upper comers to provide a seat for the washers of the rods. The vertical struts may be of 
timber or of cast iron, and must be sufficient in section to take their stress acting as columns. 
The unit bearing stress between the upper end of the stmt and the chord timber must be within 
the allowed limit for cross bearing. To accomplish this, the strut may be given the area required 
for bearing, or a smaller stmt sufficient for column action may be employed, and a steel plate 
washer used. The strut should bo designed with as wide a base as possible, as there is a tend¬ 
ency to pull the struts out of line, when the rods are tightened. Similarly, at the lower end of tho 
struts, the bearing between rods and the strut must be examined. Cast-iron washers with 
grooves for the rods, are often used. To do away with the necessity for cast iron shoes, square 
bars are sometimes used instead of round rods, and a flat steel washer placed at the bottom of 
the strut, the bend in the bars being made just outside the stmt. 



ntastratWe Problem.—Required to design a trussed girder, as shown in Fig. 67, for a biiilding to be used for 
light storage; span 22 ft., depth on center lines 3 ft. 4 in . loading uniform 2000 lb. per lin. ft., material dense South¬ 
ern yellow pine and steel. 

The modulus of elasticity of the timber will be taken at 1,200,000, > the corresponding quantity for steel at 
29,000,000. Assume dead weight of girder at 50 lb. per lin. ft. Then total load per lin. ft. •» 2050 lb. 


Total load (22) (2050) » 45,0001b. 
Direct stress in beam AB ^ BC « 46,500 lb. 

Stress in strut BD (^) (45,000) **• 28*100 lb. 
Stress in rod AD - DC « - 48,600 lb. 

Length a « Vdll* + (3.38)* » 11.5 ft. 

SIse of rod:" 

At 16,<XX> Ibv per sq. in., the required area of rod is 


48,600 

16,000 


3.00 sq. in. 


A lli*in. square bar is reqttired* upset at the ends to 2H i&. 


^ This low value will be used in eatnputing daOection, since its assumed load is largely constant or fixed. 
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Site ot itrut: 

For bearing between the strut and beam the area required at 300 lb. per uq. in. is 

28,100 

-94 sq. in. 


For the column, the area required is 


300 

28.100 

*1000 


28 sq. in. 


Hiee of beam; 


M ■■ 


(H)(45,000)(n) 


31,000 ft.-lb. 


Aaeume au 8 X 16-in. timber, S4S The section modulus, from Tabic 0, p. 108, is 300.31. The maumum 


unit fiber stress is 


^ 3 ^ 000 )^ 2 ) 

300.3 


1240 lb. per sq. in. 


Since the area of section is 116.25, the direct stress is 

46.500 


116.26 


400 lb. per sq. in. 


The maaimuui unit stress on the extreme fibeif* is therefore 

1240 + 400 •» 16401b. per sq. in. 

End washer: 

Angle between the plane of the washei and direction of the fibers of wood is 

oot ■ - 3.»0 - 73 deg. 


Allowable unit pressure by Diagram 8 , p. 249 => 
Area required is 

^,600 

1200 


1200 lb. per sq. in. 
■ 40 sq in. 


Add aiea hole, or 40 ^ 5.4 = 45.4 sq in. «■ total gros» area required. 

Side of square washer * \/45 4 ** 6.75 in. 

The short diameter of a square nut for a 2 > 2 -in. rod is 3% in. 

“ The maximum bending moment is along the edge of nut when sides of nut and washer are at 45 degrees, and 
is in amount 9100 in.-lb. The full width of plate along line of edge of nut is 5.67 in. and, with this 
width and a fioxural stress of 24,000 lb. per sq. in., the required thickness of plate is 0.64 in. 

Washer will be made X 6 ^^ X 

An 8 X 12 -in. timber will be used for the strut, and top and bottom castings used as detailed in Fig. 67. 


48b. Deflection.—The exact method for finding the deflection of a trussed girder is 
a problem in least work. An approximate solution will be illustrated l)elow. In the example of 
Fig. 67, assume the average depth between center line of the 8 X 16-in. beam and the center 
line of rod as ^th total depth, or 25 in. This dimension is the depth at the third point of the 
length of girder. Compute the equivalent moment of inertia of the girder at this point. 


Areas X 16-in timber •» (7>3)(15H) ■* 116 sq. in. 
Equivalent area in steel - 


1 , 000 , 000 / 

Area 1 ^ 4 -in. square bar » 3.06 sq. in. 

These equivalent areas are 25 in. on centers. Then center of gravity of combined sections is 

(4.81)(25) 

7.87 

below center line of the 8 X 16-ui. beam. 

Moment of inertia of combined section. 

(4 81)(9 7)*» 452.5 
(3.06)(25 - 9.7)» * 716.0 


25 


9.7 in. 


1168.5 


Deflection 


6WJ* 

BS4tBf 


(5) (45 ,000) (18,399,744) 
(384) (29,000,000) (1168.5) 


0.318 in , say in. 


It must be realized that this method is approximate only, the principal indeterminate fac^ 
tor being the assumed average depth. For the case of the reversed Queen Post type, the depth 
should be taken as the distance between the center line of beam and the center line of the hoxi- 
zontat rods. 
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By Alfked Whbslsr Robsbtb 

For long spans and heavy loads, which are excessive for the rolled sections of beams and 
girders, plate or box girders, built up of plates and angles, are used. The most simple form of 
plate girder is composed of one web plate and four angles, as shown in Fig. 68. Another form of 
the plate girder is one with flange plates, as shown in Fig. 69. 

For methods of determining reactions, moments, shears, and moment of inertia of sections, 
see chapters in Sect. 1. See also the chapter on “Steel Shapes and Properties of Sections’’ 
in Sect. 2. Steel beams and beam girders are treated in a preceding chapter. Riveting is 
treated in the chapter on “Connections Between Steel Members.” 

49 . Determination of Resisting Moment.—There are two general methods used 

I m determining the resisting moment of plate and box girders. The accurate method 
which is much to be preferred in all cases for heavy shallow girders, is called the* 
moment of inertia method. In this method the procedure is the same as for determin¬ 
ing the resisting moment of a simple rolled beam. The moment of inertia is figured 
for the total net section of the member and, from that, the moment of resistance or 
section modulus. 

The approximate or chord stress method assumes that the tensile and compressive stresses 
are distributed uniformly over the entire area of the tensile and compressive flanges respectively. 
The moment arm of the couple, or “effective depth, ” then, is the distance between the centers 
of gravity of the flange sections. 

There is absolutely no doubt but that the web takes some of the bending and relieves the 
flanges. Consequently, most specifications permit H of the gross area of the web to be counted 
at the center of gravity of each flange section. For shallow girders, it is customary to design 
by the approximate method and then check the design by the moment of inertia method. 

60« The Web. —The depth of a girder is governed by the width of the web plate and to pro¬ 
duce the minimum deflection should not be less than K 2 of the span. Some authorities, how¬ 
ever, permit Ms ^ Ho of the span for depth. If these ratios are used, care should be taken 
that there is sufficient metal in the flanges to reduce the deflection. The web should have suffi¬ 
cient sectional area to take all the vertical shear, which is maximum at the supports, and is 
generally figured at 10,000 lb. per sq. in. on the gross area of web. Many specifications give a 
value for shear based on the net section. The net area, which takes into account the holes 
caused by rivets in the end stiffeners, is sometimes assumed as the gross area. In the illus¬ 
trative problems of this chapter, a shear of 10,000 lb. per sq. in. is allowed on the exact net section. 

The thickness of web plates should be not less than Heo of the unsupported distance be¬ 
tween flange angles and not less than Mo i<^* thick. 

Since edges of the web plates are not likely to be straight unless planed, the bark 
of the flange angles are usually set M io.. beyond the edge of the plate. 

61. The Flanges •—The tension flange should be designed to have sufficient pet 
section to take the tensile stress, allowing from 14,000 to 16,000 lb. per sq. in. in the 
extreme fiber. An allowable stress of 16,000 lb. is quite generally used in designing 
by both the moment of inertia and chord stress methods. 

The compression flange for ordinary cases should not have less gross area than the tension 
flange and should not have an unsupported lateral length of more than 30 times its width 
(see Art. 16e). 

If the A.K,£.A. column formula (see Sect. 1, Art. 97) is Ukm as a basis, and allowaaos 
made lor the bracing effect of the web in a horisontal direction (see also Art. 16e), the maximum 

stress in compression flange should not be more than 16,000 — 20o|^ and not to exceed 14,000 

)b« per sq. in. for girders with angles only or with angles and flange plates. In the formula 
L ^ unsupported length and b ^ width of flange. 

If the flange has a channel in place of a flange plate, or if it has reinforcing angles riveted 


I 
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to the general flaiUge angles, thus congregating a mass of metal on the extreme edges of tl*** 
sectiou, it is pennissible to stress it up to 16,000 - 150^ but not to exceed 14,000 lb. per sq, i». 

In proportioning members to make up flange sections, it is desirable, if possible, to put at 
least one-half the total flange area required in the chord angles. A flange should never be 
proportioned so that the center of gravity is outside the backs of the chord angles. As the re¬ 
quired flange area varies with the bending moment, flange plates when required may be built 
up of several plates of different lengths, each one of which needs be only as long ?iS theoretically 
needed plus a length at each end which will accommodate sufficient rivets to develop the 
Stress carried by the plate. 

If there is more than one cover plate in a flange section, it is good practice to run the plate 
next to the chord angles the full length, especially if the girder 
carries a wall or is used as a grillage girder to distribute the load 
over a foundation. 

52. Stiffener Angles.—Stiffener angles should be placed at the 
ends of girders and at the inner edges of bearing plates and should 
be of sufficient section to take the end buckling (see Fig. 70). They 
should be riveted to the girder with a sufficient number of rivets to 
take the vertical shear. 

To prevent buckling of the* web between supports, stiffeners 
should also be placed at points of concentrated loads and at inter¬ 
mediate points when the thickness of the web is less than Ho of the 
unsupported distance between flange angles (see Fig. 71). They should not, however, be 
spaced farther apart than the depth of the full web plate, with a maximum spacing of 6 ft. 
(In this connection, see Art. 16c.) 

Stiffener angles at ends of girders and at points of concentrated loads should be designed as 
columns taking the shear or load as the case may be through sufficient rivets to transmit it to 
or from the web. In calculating these as columns, their length is to be considered as one-half 
the depth of the girder. In proportioning the sizes of these main stiffeners, the outstanding leg 
should not be less than Ho of the depth of the girder plus 2 in. It is considered good practice 
and good construction to make the outstanding legs of stiffener angles 1 in. less than the out¬ 
standing leg of the chord angles. 

In proportioning the size of intermediate stiffener 
angles, which are simply to prevent buckling, there is no 
accurate way to determine their size, but in common prac¬ 
tice they are generally made the same size as the end 
stiffeners only of thinner metal, and the rivets are spaced 
twice as far apart as in the end stiffener angles. All 
stiffener angles should be milled to bear top and bottom 
against the chord angles and although they are sometimes 
crimped to avoid the use of fillers under them, it is con¬ 
sidered by most authorities to be better construction to 
provide fillers under the stiffeners and avoid crimping. 

53. Web and Flange Splices.—It sometimes becomes 
necessary to splice the web of a girder, either on account of 
the excessive shipping length of the member or owing to the web plate being unobtainable in 
one piece. The maximum lengths at which wide plates are obtainable are given in the various 
steel manufacturers’ handbooks. For design of web splices, see Art. 127. For design of flange 
splices, see Art 128. 

Web Riveting. —^When a girder is loaded there is a tendency for the flange angles and 
plates to slide horisontally past the web, due to the horizontal shear. The horizontal ^ear at 
any pomt along the eonnection between flange and web per linear inch of girder is given by the 
generd fomuk (lee Sect* 1, Art. 63) 
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in which vi = horizontal shear per linear inch of girder. 

V « total vertical shear at section through point under consideration. 

Q = statical moment of the two flanges about the neutral axis of girder at the section 
considered. 

I = moment of inertia of entire cross section of girder about neutral axis of girder at 
the section considered. 

The above formula gives the horizontal shear per linear inch. If a load is applied directly to 
the top flange at the section considered, under which no stiffener angles are used, the rivets 
at this point in the top flange would evidently have a vertical component of stress as well as a 
horizontal component. The vertical component to consider would be the load per inch of 
girder. The stress to use in determining the rivet pitch in such a case would be the resultant 
of these two components. 

In especially heavy and shallow girders, where the girder is designed by the moment-of- 
inertia method, the rivet pitch in the web-legs of the flange angles should be determined as 
suggested above. For ordinary conditions, however, where the chord-stress or approximate 
method is used, the horizontal shear per linear inch is found by dividing the shear at the section 
considered by the effective depth at that section. The following simple formula may be em¬ 
ployed for figuring rivet spacing at any point: 

, effective depth’ X rivet value 
Rivet pitch = -- 

The rivet pitch at the end of a girder is usually assumed constant for a distance 
equal to the effective depth of the girder. 

The number of rivets required in the end stiffener angles and the number of 
rivets required for a distance equal to the effective depth adjacent to the end is identical. 

Rivets should not bo spaced closer than 3 diameters of the rivets apart or a greater distance 
than 16 times the least metal thickness, with a maximum of 6 in. on centers. 

In designing plate or box girders, the spacing of rivets should be investigated to make sure 
that the section can be developed for the shear, as in many cases girders are designed which 
cannot be properly riveted. 

65. Flange Riveting.—Cover plates should be riveted at their ends with rivets spaced from 

to 3 in. on centers to develop the stress which the plate is taking. Some speci- 
fleations call for the member to be fully developed in rivets. The rivets in the re¬ 
mainder of the plate should be spaced not over 16 times the least metal thickness 
and not over 6 in. on centers in a direction parallel with the line of stress. The 
maximum edge distance for any rivet should not be greater than 8 times the least 
thickness of metal and not over 6 in. The maximum distance apart in a direction at 
right angles to the line of stress, should not exceed 32 times the least metal thickness. 

56. Web Reinforcement.—Web plates are reinforced against buckling with stiffener angles, 
as explained in Art. 52. If a girder has a heavy load concentrated near a support, thus produc¬ 
ing a large amount of shear at the support, it is not economical to provide a we^ the entire 
length of the girder capable of withstanding the maximum shear. This can be overcome by 
'reinforcing the web plate by the addition of reinforcing web plates, as shown in Fig. 
‘72 and only extending this plate far enough beyond the point where it is needed 
to develop it with rivets. 

57. Box Girders.—For a girder requiring a large amount of resistance to 
shear, or a wide flange for lateral stiffness and for distributing of loads either to 
or from the girder, the box girder is very effective. Two common types are shown 
Fxo. 74. in Figs, 73 and 74. 

56* Combined Stresses.—Probably the best example of combined stresses due to com¬ 
pression and lateral bending is the top flange of a crane runway girder, which is taking com¬ 
pression due to the vertical load and is taking lateral bending due to the cross travel of a load 
on the erane. llie extreme flbers should be designed to take the combined strM due to direct 
((impression and compresnon produced by bending. 
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59. Infonoation Regarding Illustrative Problem8.*^FoUowing are illustrative problenui 
in the design of plate and box girders for ordinary conditions. The working stresses used are 
taken for illustrative purposes only. Other working stresses may be substituted. 


Illttttrfttive Problem. A Simple Plate Oirder Analyzed by the Two Methods .—What is the moment of resist¬ 
ance of a plate girder composed of 1 web plate 48 X in. and 4 angles 6 X 6 X in., as shown in Fig. 75? 

Moment of Inertia JIfsiAod.—The first step is to determine the moment of inertia of the entire section about the 
axis x~x, which is taken through the center of gravity of the gross section (see Art. 26). 

Then 

f 4(15.4) « 61.6 

7 of 4 angles 6 X 0 X M t VI -—-racr* 

I 4 (4.36) (22.61)2 = 8,911 18 1^ “Tf ^ 


/oflplate48XH-^?« 


4,608.0 
Total gross 7 »■ 13,580.78 


7 of 2 holes 


0 137 


Then 


(1 25)(0 .87)3( 2) 

12 

(1 25)(0.87)(2)(22)2 « 1053 7 
Total “net 7 




1,053.837 

12,526.95 



M.fl. 95 ) ^ 

C K(48.6) 


Fio. 75. 


Chord Stress Method. —One>eighth of the gross area of the web will bn considered available for each flange 
section. * 

2 angles 6 X 6 X » (2) (4.36) « 8 72 
tjs of the area of web plate *» 3.00 



Area in compression flange » 11.72 
Area of hole in flange angles « (2) (0.87) (0.375) =• 0.65 


Fio. 76. 


Then 


Net are.a in tension flange ■■ 11.07 sq. in. 
M - (11.07) (16,000) (45.22) * 8,009,000 in.-lb. 


Illustrative Problem. Plate Girder with Flange Plates .—Make a general design of a plate girder to span 75 ft 
and to support the concentrated loads shown in Fig. 76, with a depth limited to a 6-ft. web plate. Consider H 
of the gross area of the web plate as flange section and assume that allowance has been made in the loads given, to 
take care of the dead weight of the girder itself. Reactions arc shown. 

As mentioned in Art. 50, the web should not be less in thickness than ^ieo of the clear distance between flange 
angles. Therefore, assuming that the flange angles will have 6>iu. legs against the webs, the least thickness that 

the web should be made is * 0.377 in.—say H iu* A 72 X ^-in. web will be investigated for shear. Assum- 
loO 

ing that the girder will frame into a column at the supports by means of the end stiffener angles, the number of 9ir 
in. rivets (5630, bearing value on H'in web) required at the end to take the maximum shear is 


118.000 
“5630 


21 rivets 


The net web area (allowing K-in. hole for a rivet) is 

(72) (0.375) - 27.0 sq. in. 

minus (21) (0.375) (0.875) » 6.89 sq. in. 


20.11 sq. in. net. 
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Fig. 77. 


Then the web will be good for (20.11) (10,000) ■■ 201,100 lb., and is therefore good for the shear. 

As the point of maximum bending moment is at the point where the shear changes sign, M occurs at the 60,- 
000-lb. load and equals 2,535,000 ft.-lb. Assuming the effective depth to be 5 ft. 9 in., the flange stress will be 
2 535 000 440 869 

g «■ 440,869 lb. Then the flange area required will be “ 27.55 sq. in. net, and the flange can be 

composed as follows: 

(H) (72) (0.376) - 3.376 

2 angles 6 X 6 X H (minus 2 holes in each) — 16 400 
1 PI. 14 X (minus 2 holes) -• 8.421 


« 28.196 sq. in. 

The length of the cover plate can be determined either analytically or graphically. It can be found analyt¬ 
ically by determining the point at each side of the section of maximum moment where the chord ang^ and portion 
of the web considered as flange area is sufficient to take the flange stress. The graphical method is commonly used 
however, where there are a number of coneentrations. This method is also very convenient for a girder with a 
Uniform load in which the bending moment varies in the form of a parabolic curve. 

Fur the case in hand a diagram should be plotted, as in Fig. 77. 



188 


HANDBOOK OF BUILDING CONSTRUCTION 


[Sec. a-fio 


hmy off A line A»B to any convenient eoale equivalent to the epan of the girder. Lay off t>ointe to eoaie where 
the different concentrated loadc occur* as C, />, and F. Calculate the bending momenta at each of theee points 
and lay them off to eome convenient scale at right anides to line AB, auch as CO* DHt BK and FL. Draw a line 
oonneoting A, O, H, it* L, and B which will give the bending moment diagram. 

At the maximum moment point D divide line DH into as many equal parts as there are square inches in the 
total ffange area and lay off on this line the proportional part of the area contained in each portion of the flange 
section* such as 2>M area of H gross area of web plate, MN -» net area of 2 angles 6 X 6 X and NH net 
area of the 14 X ^Hs-in. cover plate. 

Where the horisontal line passing through point N intersects the bending moment line each side, will be the 
extreme length for which cover plate is required. However, the plate should be extended each side a sufficient 
distance beyond these points to permit the plate to be developed with sufficient rivets before it is actually needed 
as a part of the girder. At each point where the concentrated loads occur there should be stiffener angles of suffi¬ 
cient sise and with enough rivets to transmit into the web the loads applied. 

The end stiffeners should be capable of taking the end web buckling and be riveted to the web with sufficient 
rivets to take the end shear. 

Since the web is less in thickness than Ho of the unsupported distance between flange angles, the girder must 
be provided with intermediate stiffener angles at a distance not over 5 ft. apart to prevent the buckling of the web. 

Hlustrative Problem. Box Cfirder. —Design a box girder supporting two 10-in. H-columns, each carrying a 
load of 176,000 lb. as shown in Fig. 78, assuming that an allowance is made in the loads given to include the dead 
weight of the girder. Bi •• Rf 176,000 lb. Af(max) » 3,520,000 ft.-lb 

As Hs of the span is a good proportion for the depth of the web plate, assume that a 60-in. web plate will be 
used. On account of the manner in which the loads are delivered to the girder a double web or box girder will make 
the best section to use, placing the webs under the flanges of the column. 

Consider the design of the web for shear. As the reaction is 176,000 lb. and the allowable shearing stress 10,000 


n^OOOfb 

_L_ 
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^176,000 

lb. per sq. in., a net area of qq q* 1*-® 

needed. The number of rivets required in the end stiff¬ 
ener angles, to take the end reaction, assuming ^4-in. 
rivets in single shear (4420 lb., shearing value of each 
176,000 

rivet) will be “■ 20 rivets in each web. There¬ 

fore the net width of the web plate, allowing H*in. hole 
for a ?i-in. rivet, will be 60 — (20) (0.875) *» 42.5 in. 
Then the combined thickness of the two webs required 
will be 


17.6 

42.5 


0.41 in. 


Flu. 78. each web should not be of less thickness than Ms in., 

each web will be made 60 X He in. 

3 520 000 

Assuming the effective depth to be 67 in, = 4.76 ft., the maximum flange stress will be — ■* 741,052 

lb. Then the flange area required at this point will be ** 46.31 sq. in. net. Considering H of the gross 

area of the web plate as flange area and assuming the cover plates to be 24 in. the flange may be composed of the 
following: 

, CH) (2) (60) (He) - 4.68 

2 angles 6 X 6 X (minus 2 holes in each) >« 15.34 
1 PI. 24 X H (minus 2 holes) 13.90 

1 PI. 24 X He (minus 2 bdles) ■■ 12.46 


46.38 sq. in. 


As the maximum flange section is only needed for a part of the length of the girder, there is a point where the 24 X 
He*in* cover plate can be omitted, but the 24 X H-iu. plate should be continued the full lenglh of tbjS girder in order 
to hold the two webs together. It is not necessary to make the thickest plate the one to be extended, but it is con¬ 
sidered good practice to place the thickest plate immediately on the chord angles. 

In order to determine how long the upper cover should be, it can be determined graphically as explained in 
the preceding problem. The length, however, can be determined analsrtioally as follows: The area of the members 
in the flange, excluding the 24 X Hs*in. plate, is 33.92 sq. in. net. This amount of area will develop a flange stress 
of (33.92) (16,000) » 542.720 lb., and a bending moment of (542,720) (4.75) »* 2,577,920 ft.-lb. Then the pdnt on 
the girder at each end where this flange area will be used to its limit, will be the point where the bending moment 
will be 2,577,920 ft.-lb. or a distance from the end of 


2.677.920 


- 14.6472 ft. or 14 ft. 7Hi^- 


176,000 

Therefore the length of the cover plate wUl be 30 ft. SH plue the dietanee at eaeh end neoeeeary to develop with 
livete the etieee carried by the plate. 

The maxiiiium pitch of Ubi^ rivets oonneoting the web to the chord gngkes ehould be ae fcUowe: Xn the die* 
tenee between the support and the neareet ooneentrated load the pitch ehotild not exceed 

immiB). 

. -Ifpw-****"- 
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In tha diatanoe between the coneentrated Ioade< where the ahear is theoretioaHy aero, the rivet pitch is theotwtii^ 
ally indeterminate, but aa the rivet pitch of any rivet in the girder ahould not exceed 16 times the least metal thicl^ 
neea in a line parallel to the line of atreas. the maximum pitch in thU case ahould not exceed 5 in. 

The end stiffeners should be designed to take the end shearing stress and, assuming that the ends of the girder 
will frame into a supporting member, only two stiffener angles can be used, one on the outside of each web on 
account of stiffener angles on the inside of weba being inaooessible for field riveting. 

As the - for the ordinary girder stiffener is usually small, and since according to the A. H.E. A. column formula 

(see Sect. 1, Art. 97) the maximum allowable stress per sq. in. should not exceed 14,000 lb., it will be found (except 
in special oases) that it is safe to figure stiffener angles at 14,(XK) lb. per sq. in. Therefore the end stiffener angles 
should have an area of 

176,000 _ 

14,000 “ 

Two 6X6 X^Ms-in. angles will be satisfactory. 

At the two points of concentrated loads, there should be eight stiffener angles, two on each side of each web, 
and the four on the inside of the girder should be connected with a web plate, forming a diaphragm or separator 
between the two webs, all being milled to bear top and bottom and with sufficient rivets to take the load into the 
web. 

As the concentrated load is the same as the end reaction, there will be needed in the eight stiffener angles a 
combined area of 12.57 sq. in., or 8 — 3H X 3 X Hs^in. angles will suffice. 

As the thickness of the webs is less than Ho of the distance between the fiange angles, the should be pro¬ 
vided with intermediate stiffener angles on both sides of both webs, not over the effective depth of the girder apart. 

IDustrattve Problem. Distributing ChiUage Girder .—Design a girder distributing the load of two columns over 
a foundation, as shown in Fig. 79, assuming the bearing pressure on the foundation at 30,000 lb. per sq. ft. and the 
distance “A” limited to 2 ft. by local conditions. 

The center of gravity or point c.g. of the loads must first be 
determined. 6*qpOOIh «K0(X>lb. 

B _ (800.000)(16.0) . „ 

DutenreS- - 8 89 ft. . -1-;;- 

T>- .t (640.000)(16 0) - ,, r ^ . B . ^ C . . D 

Distance C- ' j“440,000 “ ^.11 ft \^^00\ ^aa9'^ ^ l/f' \ ^3.78' ^ 

In order for the girder to equally distribute the loads over the foundation, |<-^ 

the girder must be made symmetrical in length about the center of gravity 
of the loads. Knowing distance A to be 2 ft., the distance D is readily 
determined, making a total length of 21.78 ft. for the girder. 

1 440 000 

Since the total load -» 1,440,000 lb., then the load per linear foot will be —^ «« 66,115 lb. If the allow¬ 

able bearing capacity of the foundation is 30,000 lb. per sq. ft., then the width of the girder must be 

2.2038 ft., say 27 in. On account of the required width of the girder flange, a box girder as shown in Fig. 80 will be 
most adaptable. The center web wiU be figured to take one-half, and the side webs one-quarter each of the total 
load. 

The next thing to consider is the number and the sise of the stiffener angles required under each of the column 
loads, and also the number of rivets required in each stiffener angle, so that the net width of the web plates can be 
determined. At the point of the 800,000-lb. concentration, a combined area will be needed in the stiffener anides of 
800,000 ^ 
~14~000 Assuming 16 stiffener angles at this point, 16 angles X 3H X H will give sufficient 

area. Assuming the rivets to be in single shear on the outer webs and in double shear for the middle web, 
fflT 800,000 

III n flVr jrg n \ *" 12 rivets will bo needed in each stiffener. Asthe maximum ahear (8) (66,115) -• 528,920 


1,440,000 


66,1151b. Iftheallow- 
^ ^ 06,115 


( 16 ) ( 4420 ) wiuocneeaeaineao 

lb., a totalnet web area will be needed of ■ 


52.89 sq. in. Assuming a web 48 in. deep, the net 


width will be 48 — (12) (0.876) 37.5 in. The total web thickness required will be ! 


Then the center web should be - 


> 0.7in. thick, or say H in. The side webs should be- 


in. thick, or say H in. The girder will be made 48^^ in. back to back of angles. 

At the point of the 640,000-lb. concentration a combined area will be needed in the stiffener angles of 

640,000 

liiooo « »<»•■"• 


Assuming 16 stiffener angles at this point. 16 angles 5 X 3H X H will give sufficient area. Tidcing the rivet 

_t_Slf ■___J_1 __A - __.A L-l_ 


values aa before 


( 16 ) < 44 ^) ' 


10 rivets will be needed in each stiffener angle. Aa the number of rivet holes to be 


de^ueted from the web plate at this point is less than at the other point and the maximum shear is the same, the 
wsibe selected are more than sufficient. 

The maximum bending moment will occur midway between the concentrated loads and will equal ?? 

ft.-lb. Assuming an sffeetivs depth of 45 in., the maximum fiange stress will equal m 
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35.26 sq, in. By proporiionins the area 


564 181 

564,181 lb. The net flange area required will be Y6”*o6^ 
jivith one'^half for the center portion and one-quarter each for the side members, the flange may be composed 
as follows: 

Web - H X4HX IH - 9 00 

4 angles 6 X 6 X M (minus 2 holes each angle) 19 48 

1 cover plate 27 X (minus 4 holes) »« 8 81 


37 29 sq in. 

The cover plate both top and bottom should be extended the full length of the girder although it is not needed for 
strength. The rivet heads on the under side of the bottom cover plate should either be countersunk and chipped 
or the girder should be thoroughly grouted with a thin grout, to insure the girder bearing properly throughout 
its entire length and width. 

As the side webs are less in thickness than Mq of the clear distance between the chord angles, these webs should 
be provided with intermediate stiffener angles to prevent buckling, at the ends and at a distance not greater than the 
effective depth of the girder apart. 

I Although there are no intermediate stiffeners required for the center web, the ends of these webs should have 
stiffeners. In designing the base of the columns resting on this girder, it should be seen that the load is distributetl 
in a proper manner to the girder, so as to make each elementary portion of the girder take that portion of the load 
for which it is designed. This can be done by means of stiffener angles and by getting as much of the column in 
direct bearing over the girder stiffener angles as possible. 

As the shear of this girder varies from sero, at the point between the two 
concentrations and at the extreme ends, to maximum at the points of concen¬ 
trations, the web rivet spacing should be figured as explained in Art. 54, by 
dividing the girder into sections equal to the effective depth and using the 
maximum shear occurring in that division as a basis. 

Rivets along the bottom flange will be subjected to vertical stress in addi¬ 
tion to the horizontal stress due to longitudinal shear. The vertical stress is 
caused by the uniform load applied in distributing the load over the founda- 
The rivets alon^ this flange should be figured to take the resultant of the 
horizontal and vertical forces. 

Fio. 81. On very heavy work of this type, the web plates are chipped to bear 

directly against the cover plate which is good construction, but unless the shop 
work is exceptionally good it is apt to overstress the web rivets due to the web not bearing properly. 

The above type of girder is also used to distribute the loads to a lower layer of grillage beams, where it would 
be impractical to make the girder wide enough to get sufiicient bearing over the foundation. 

Illustrative Problem. Girder with Moving Loads ,—Design a crane runway girder of 50-ft. span, to support a 
10-ton crane having two wheels on the truck 12-ft. on centers, with a load on each wheel including impact of 46,000 
lb. as shown in Fig. 81. It will be assumed that an allowance is made in the loads given for the dead weight of the 
girder. 

On a girder carrying moving loads, the bending moment throughout the girder varies for every different posi¬ 
tion of the loads. On a girder with two equal moving loads, the maximum moment will occur under one of the 
loads when the quarter point distance between the two loads is coincident with the center of the span of the girder 
(see Sect. 1, Art. 58c). The maximum moment is found to be 890,500 ft.-lb. 

Assuming the web plate of the girder to be 48 in. deep and the chord angles 48^^ in. back to back, the effective 
depth will be about 45 in., or 3f75 ft. Then the maximum flange stress due 



to vertical loads will be 


890,560 

3.75 


237,482 lb. and the required flange area will 


be 


237,482 


« 14.84 sq in. The flange area required is correct for the bottom 


16,000 

flange only. Assuming a web plate 48 X M s and taking H of the web-plate 
area as flange section, the bottom flange may be composed as follows; 

Web H X 48 X He - 1 87 

2 angles 6 X 6 X H (minus one hole in each) » 13.14 






15.01 sq. in. 


/I 

Fxg. 82. 


The top flange will get the same stress as the bottom flange due to the vertical loads and in addition will get a lateral 
stress due to bending caused by the cross travel or acceleration of the crane trolley, from which the load is sus¬ 
pended. The amount of this force is usually taken as Ko of the capacity of the crane, or 2 tons in this case, caus¬ 
ing a force of 2000 lb. acting on each wheel. The position of the wheels causing the greatest lateral bending moment 
on the girder is the same position which causes the greatest vertical bending moment. Therefore the greatest lateral 

2000 

bendinie moment will be directly proportional to the maximum vertical bending moment, or-(890,560) (12) 

46,000 

464,640 ixi.4b. Then the top flange must be designed to take a direct stress in compression of 237,482 lb. plus 
a Cross-bending stress of 464.640 in.4b. 
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Atsumine a top flange section as ehown in Fig. 82, the top fllange should be designed within the lollowine 
limitations (see Art. 61): The maximum combined compressive stress should not exceed IdfOOO <— IIK) 

-- ^th a maximum stress of 14,000 lb. per sq. in., figured about axis A-A. 

flange width 

By the method explained in Art. 21 the bending moment should be transposed to an equivalent direct oompres* 
sive stress and added to the direct maximum compressive stress due to the vertical loads. The flange should 
then be designed for the sum of the two stresses. It will be found that a top flange composed of the following 
members will be of sufficient size: 


1 plate—24 
2 angles—0 X 6 X 
2 angles—4 X 4 X 


The next step in the design is to determine the maximum end shear so that the end stiffener angles and the web 
can be designed. The position of the loads which will give the greatest shear is when one wheel is at the end and 
the other 12 ft. away from the end. The maximum shear is found to be 80,960 lb. 

80 960 

The total area required in the end stiffener angles is —- * 5.78 sq. in. Assuming 2 stiffener angles, it is 

14,000 

found that 2 angles 5 X 3H X ^ will be sufficient. Assuming rivets as bearing on a M e-in. web plate'at 46001b. 
80,960 

each,- -* 18 rivets are required in the stiffener angles. 

4690 

The net area required in the web plate for shear will be 


80.060 

10,000 


8.09 sq. in. 


The net width of the web plate will bo 48 — (18) (0.875) ** 32.25 in. Since 8.09 sq in. are needed in the web, then the 
8,09 

thickness should bo Jg 25 " ^ girder should not be less than Ht in. thick, a 48 

X Ks-in. web will be used. 

Since the web is less in thickness than Ho of the unsupported distance between flange angles, intermediate 
stiffener angles should be provided to prevent web buckling at a distance apart not greater than the effective depth 
of the girder. The web rivet spacing for the first 12 ft, from each end should be the same, as the maximum shear 
will not change until the second wheel position is reached. As the top cover plate with its outside angles is acting 
as a flat girder taking lateral thrust, the rivets connecting the web and outer angles should be spaced the same as 
any girder using the shears produced by the horizontal forces. 


DESIGN OF PURLINS FOR SLOPING ROOFS 


By W. S. Kinne 

60. Purlins Subjected to Unsymmetrical Bending.—A purlin is a member, generally a 
nimple beam, which supports the roofing between adjacent trusses. Fig. 83 shows the position 
of a purlin with respect to the other parts of a roof. A complete discussion of choice of purlin 
sections, details of connections of purlins to trusses, and 
methods of fastening roof covering to purlins will be 
found in Sect. 3. 

As shown in Fig. 147, p. 466, for steel roof trusses, 
and in Fig. 146, p. 466, for wooden roof trusse.s, purlins 
consisting of rolled shapes, or wooden beams, are usually 
placed with the webs, or sides, perpendicular to the top 
chord of the truss. Since in most cases the applied loads 
are vertical, or nearly so, it follows that the plane of loading and the principal axes of the section 
do not, in most cases, lie in the same plane. Problems in design and stress determination for 
such conditions can not be solved by the methods described in the chapter on Simple and 
Cantilever Beams,Sect. 1, but require more general formulas which take into account the fact 
that the plane of bending and the principal axes of the section are not coincident. Bending of 
this nature is known as unaymmelrirnl hendimt^ the formulas for which are given in the last 
chapter of Sect. 1. 

631* Load Carried By a Purlin.—The amount and character of the load to be carried by a 
roof purlin depends to some extent upon the kind of roof coveting, the slope of the roof, and the 



Fio. 83. 
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location of the structure. These points are considered in detail in Sect. 3, Arts. 133 to 136 
incL, where tables of values are given for the different loads. 

The load which a purlin must be designed to carry is a combination of the weight of the 
purlin and roof covering, the snow load, and the wind load. These loadings are to be combined 
so as to give the maximum possible stress on the beam section. In general three combinations 
of loading are used. They are: 

(1) Dead load and snow load. 

(2) Dead load and wind load. 

(3) Dead load, wind load, and one-half snow load. 

Under Case 3 only one-half of the snow load is considered. This is due to the fact that maxi¬ 
mum wind and snow loadings are not likely to occur at the same time. If a high wind is blowing 
at the time snow is falling, the snow will be blown from the roof as fast as it falls. In the case 
of a wet snow or sleet, part of the snow will stay on the roof in spite of the wind. An allow¬ 
ance of one-half the maximum snow load seems to be reasonable for this condition. 

The*dead and snow loads are vertical forces, while the usual assumption regarding the wind 
load is that it acts perpendicular to the surface of the roof. For the combinations given above, 
(1) represents a vertical load, while (2) and (3) are inclined at an angle to the vertical. 

62. Conditions of Design.—The conditions of the design are governed to some extent 
by the roof covering. Where the covering is very rigid, as in the case of wooden sheathing on 
common rafters, the loads can be resolved into components parallel and perpendicular to the 
roof. The component parallel to the roof is assumed as carred by the sheathing, and the com¬ 
ponent perpendicular to the roof is assumed as carried by the purlin. This is equivalent to 
assuming that the beam section is free to bend only in a plane perpendicular to the roof. 

Where the roof covering consists of a material such as corrugated steel, w^hich provides 
little or no lateral support for the purlin, the assumptions made above can not be used. It is 
then necessary to design the purlin as a beam which is free to bend in any direction, making use 
of the methods of unsymmetrical bending set forth in the last chapter of Sect. 1. 

Purlins designed under this assumption are likely to require excessively large sections. To 
avoid this, the purlins are often partially supported laterally by means of tie rods. Smaller 
sections can then be used for the purlins. 

The methods of design to be used in the cases mentioned above will be followed out for 
typical cases which will illustrate the methods to be used. 

63. Design of Purlins for a Rigid Roof Covering.—^Let it be required to design the sheath¬ 
ing, rafters, and purlins for a roof capable of wdthstanding the maximum combination of the 
dead load of its members and the wind and snow loads given in Sect. 3, Art. 137. The material 
is to be pine with a working stress of 1000 lb. per sq. in. Assume that the roof is covered with 
shingles; that the span of the rafters is 9 ft. (measured along the line of the roof surface, which 
makes an angle of 30 deg. with the horizontal), and that the trusses are 12 ft. apart. Fig. 84 
(a) shows the general arrangement of members. 

In making up the combinations of loads carried by the members it will be found convenient to deterinme the 
resultant load carried by a single square foot of roof. The resultants for the several combinatiofis given above 
are as follows: 

€a§e l.^From the tables given in Sect. 3, Art. 133, shingles weigh about 3.0 lb. per sq ft. of roof, and l^in. 
sheathing weighs about 4.0 lb. per foot board measure. The dead load is then 7.0 Ib. per sq. ft. of roof, a vertical 
load. From Table 8, p. 467, the snow load for a roof at an angle of 30 deg. to the borisontal is 15.0 Ih. per aq. 
ft. of roof. The total vertical load is then 22.0 lb. per sq. ft. of roof, and the component perpendicular to the roof 
is 10.0 ib. per sq. ft., as determined by the force diagram of Fig. 84(c). 

Coses 2 and 3.—It is quite evident that the resultant for Case 3 has a greater component perpendieiilar to the 
roof than Case 2. As the direction of bending is not in question under the assumed conditions, we can pass ot once 
to Case 3. 

The dead load for Case 3 is the same as for Case 1, and the snow load is one-half ss hurge as lor Coso The 
vertical component of loading is then, 4 + 3 + 7*5 «■ 14.5 lb per sq. ft. of roof. From Table 7, p. 407, the iRiml 
pressure normal to the roof is 24.0 lb. per sq. ft. of roof. As these loads are not in the same direction, the reeuUatit 
cah be obtained by means of a force diagram. The component of load perpendicular to the roof can be detertnlaed 
by resolving forces parallel and perpendicular to the roof surface. The force diagram of Fig. 64(«) shows that the 
component perpeu^cular to the roof is 30.9 lb. per sq. ft of roof. Bimilar oaleulatioiks have been made for Oaee 2: 

force diagram is shown in Fig. 84(d). 



S«C.S^! 


8TBVCTVBAL MEMBEB8 AtfD CONNECTIONS 


c/ ^EA«cUAf«tff.-^The «heathinc if zuit UfUftUjr dMigoad, eio^t whera imqsuftl eoaditiotif are «iio 0 «a 4 ifl|t 
fuoii sf iiaftvy loada or r«£ter tpodiif grooter than the nomud. whioh ia from Id to 24 in. Undor normal condltid>>i» 
l-ixL fiieatMng will bo found to provide auffioioiit atrength. 

la the 0 A 80 tuider oonaidoratiofi, aaaumo that l>ln. aheathing ia naed and that the apaoing of raftera ia 24 la^ 
The moment duo to the normal eomponent of Caae 3 for a aeotion of aheathing 1 ft. wide \b, M m m |4 
(36.0)(2)*(12) «* 221.4 in.«Zb. This moment ia reflated by a 1 X 12-m. aection of aheathingi for which the aaor 
tion modulus is J/c * XM* - H(12) X (1)* « ^.0 in.* The reaulting fiber atreaa ia then / ^ Mc/I * 221,4/2v0 
«• 110.7 lb. per aq. in. This atreaa ia very low, indicating that for ordixuury eonditiona the design need not be 
earned out. 

jDesfton of Common Bo/tera .—2 X 6-in. rafter will be aaaumed. At 4 lb. per ft. board measure, the dead weight 
per foot of r^ter is (2 X Ha)4 « 4 lb. The roof area per loot of rafter ia 2.0 sq. ft., and the normal load to be 
carried for Caae 3 ia 2 X 36.0 « 73.8 lb. per ft. of rafter. Adding the weight of the rafter, the total load to be 
carried by the rafter ia a uniform load of 77.8 lb. per ft. The moment is Af » Hwl* >■ H(77.8)(0)*(12) « 0460 
in.4b. 

The section modulus of a 2 X 6>m. rectangle ia ** H(2)(6)* «> 12 in.*, and the fiber stress is/ -* Mc/I 
« 0,460/12 *■ 788.0 lb. per aq. in. As the allowable fiber streaB b 1,000 lb. per sq. in., the assumed aeotion ia 
Buffieient. Rafter sections come in commercial sisea, which are 2X4,2X6, 2X8, etc. It is therefore not pcMh 
sible to meet exactly the allowable fiber stress conditions with the available sections. 



JOcitign a/Purlins.-—As shown in Fig. 84(a), the purlin section is set at right anid^ the rafter. It is then aub^ 
jected to a normal load due to the rafters from adjacent panels. In some caaea the applied loads are ooxuidered to 
be uniformly distributed along the purlin, and in other oases the loads are assumed aa concentrated at each rafter. 
This latter assumption more nearly approximates the actual conditions; it will be used in this design. 

As shown in fig. 84(a), eaoh purlin carries the ends of two rafters. Each rafter load is then due to the normal 
load on 9 ft. of rafter. Indoding the weight of the rafter, eaoh load is 9 X 77.8 » 700 lb. Fig. 84(6) shqws the 
position of the loads. It will be found that the maximum moment for the position shown is slightly less than for an 
arrangement which places a load directly at the center of the purlin. From Fig. 84(8), the moment at the beam 
asnter is, Af « [(2100) (6) - 700(1 + 3 4* 3)1 12 » 76,600 in.4b. Assuming a 6 X 104n. purlin, whose weight 
is (6 X 10/12)4 • 20 lb. per ft., the moment due to its weight is Af « Hwf* - H<20)(12)*(12) • 4,820 in.4b. 
The total moment is then 75,600 4* 4320 »* 79,920 in.4b. 

For allowable / « 1000 lb. per sq, b., I/c » M/f « 79,920/1,000 « 79.92 in*. The aeotion modulus df the 
asstitued 6 X IQ-in. purlin is I/c »> >48d* » >4(6)(10)* «« 100 in.* which is sufficient. This is as dose an agreo^ 
meat between assumed and adopted sections as is p<Maible, using commercial sise. 

H* l>«2lgi& of Ptudfaif for A Hoof with a Flexible Roof CoFeriiic.-**ln the preoediiog artiele 
the dei^ l8 given for a purlin geetion for a roof which is so ngid that it ia p<^ble to assume 
that the purlin b supported laterally so that it Is necessary to provide only lor betiding in a plane 
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perpendicular to the roof surface. A case will now be considered where the roof covering is not 
rigid enough to provide this support. The purlin will have to be designed as if it were free to 
bend in any direction. This is a case of unsymmetrical bending. Two cases will be considered, 
one in which the purlin is free to bend in any direction, the other in which the purlin is partially 
supported by tie rods. 

64o. Purlin Free to Bend in any Direction.—A purlin is to be designed to support 
a corrugated steel roof. The purlins are to be spaced 3 ft. apart, and the roof surface is inclined 
at an angle of 30 deg. to the horizontal; trusses are spaced 16 ft. apart. 

The working loads will be taken the same as for the preceding design, and the working stress in the steel will 
be taken as 10,000 lb> per sq. in. Combinations of loading similar to those for the wooden purlin will be made, and 
a purlin section determined by the methods used in the illustrative problem, p. 88. 

Prom Table 3, p. 459, 24>gage corrugated steel, weighing 1.3 lb. per sq. ft., can be used to span 3 ft. As 
stated in Beet. 3, Art. 185b, an anti-condensation lining, weighing 1.3 lb. persq. ft is to be used in connection with 
the corrugated steel. The total weight of covering is then 2.6 lb. per sq ft. To this must be added the weight of 
the purlin. In the preliminary design, the purlin was assumed to weigh 4.0 lb. per sq. ft of roof. After the pur¬ 
lin section was determined, its true weight was found and the calculations revised as given below. 

Case 1. Dead Load and Snow 
Load. —.4s given above, the weight 
of the roof covering is 2.6 lb. per 
sq. ft. of roof. The revised purlin 
weight is 4.1 lb. persq. ft. of roof. 
As in the preceding design, the 
snow load is 15 lb. per sq. ft. of 
roof. The total vertical load is 
then, 2 6 -f 4.1 4* 15.0 » 21.7 lb. 
per sq. ft. As the purlins are 3 ft, 
apart, the load per ft. of purlin is 
3 X 21 7 “ 65 1 lb. Considering 
the purlin as a simple beam of 
span equal to the distance between 
trusses, 16 ft., the moment to be 
carried is, Jlf « H tc/* ** >^(65.1) 
(16)8(12) » 25,100 in.-lb. For an 
allowable working stress of 16,000 
lb. per sq. in , the required section 
modulus is B » Af//**25,100/16,- 
000 “ 1.57 in.* This value is 
shown in the proper position in 
Fig. 85(b), and is the S value de¬ 
noted by 1. 

Case 2. jOeod Load and Wind 
Load. —The dead load is the same 
as for Case 1, and the wind load 
is a normal load of 24 lb. per sq. 
ft. of roof, as in the preceding de¬ 
sign. In Fig. 85(a), the resultant of the dead and wind loads as determined graphically, is 29.9 lb. per sq. ft. The 
load per ft. of purlin is 3 X 29.9 89.7 lb.; the moment to be carried iB M "• H wZ* •• H(89.7)(16)*(12) •• 

34,500 in.-lb.; and the required S - M/f » 34,500/16,000 » 2.16 in.* This is shown in Hg. 86(b) in the direo- 
tion determined by the force diagram of Fig. 85(a). ^ 

Case 3. Dead Load, Wind Load, and One-half Snow Load. —The dead load is the same as for Case 1, and the 
wind load is the same as for Case 2. One-half the snow load, as given by Case 1, is 7.5 lb. per sq. ft. of roof. The 
total vertical load is then 14.2 lb. per sq. ft. of roof, and the normal load is 24 lb. per sq. ft. The resultant of the 
loads, which is 37.1 lb. per sq. ft., is shown in amount and direction on Fig. 85(a). 

The load per foot of purlin is 3 X 37.1 - 111.3 lb.; the moment to be oorried is Af HwZ* « H(lll-3)(16)> 
(12) » 42,800 in.-lb.; and 8 - M/f « 42,800/16.000 * 2.67 in.» This is shown in position in Fig. 85(b). 

Determination of Beam Section, —A purlin will be selected from I-beam and channel sections with the intention 
of keeping the weight as low as possible. It is usually specified that the depth of beam section shall be not lees than 
Ho of the span. This is done to avoid the use of sections for which the deflection would be exeessive. 

Ite Fig. 85(b), the B-polygon for a 6-in. 12H-11>. I-beam is shown. This section is slightly larger than necessary, 
but it provides a closer fit than any other seetion of its weight. The true weight of the section is 12.25/3 ■•4.1 lb,, 
the value used in the revised calculations. 

Fig. 85(b) also shows the B-Polygon for aii 8-in. llKdb. channel. This section does not provide sufficient 
strength, since 8i projects beyond the B-l,ine. As other channels arc heavier than the atiopte<) M>eam, there i# 
nothing to be gained by further trials. 
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645. Purlin Supported Laterally by Tie Rods.—I^ateral support for purling, is 
generally provided by means of tie rods where the roof covering, such as corrugated steely 
not rigid enough to provide the proper support. These tie rods consist of round rods fastened 
to the web of the purlin section in the manner shown in Fig. 88. The ties should extend 
over the ridge, forming a continuous line between the eaves. This must be done to avoid 
an excessive side pull on the ridge purlin. If the arrangement of purlins at the ridge is such 
that a continuous line can not be used, then the upper ties should be run diagonally to the 
truss. 

The number of ties required for each purlin will depend upon the length of purlin to be 
supported and the load to be carried. Generally a single line of ties at the center of the purlin 
will be found sufficient. Tie rods will not be found necessary for lateral support in the case of 
roofs where the slope is less than about 3 in. to 1 ft. It is considered good practice to use tie 
rods in roofs with a rigid covering because of the lateral support provided for the purlins during 
the erection of the structure. The purlins are held in line without additional falsework until 
the roof covering is applied. 

When a purlin is supported laterally by tie rods, the span of the beam, for components 
of load parallel to the roof 
surface, is equal to the 
distance between the tie 
rods, or between the tie 
rods and the truss. As 8 
far as these loads are con-^ 
cemed, the purlin is a con¬ 
tinuous beam supported 
at its ends by the trusses 
and at intermediate 
points by the tie rods. 

For components of load 
perpendicular to the roof 
surface, the span of the 
purlin is equal to the dis-1 
tance between thel^ 
trusses, as in the preced¬ 
ing design. 

The applied loads 
are uniform per foot for 
both components of load¬ 
ing. They are deter¬ 
mined by resolving the 
resultant forces, determined as for the preceding design, into components parallel and perpen¬ 
dicular to the roof surface. Moments at critical points can be determined by the methods 
given in Sect. 1 for simple and continuous beams. 

In calculating the moments to be carried by a purlin, it will probably be best to assume that 
the purlins are only long enough to span the distance between adjacent trusses. The moment 
due to the component of loads perpendicular to the roof surface will then be given by the for*» 
mula M » It will be found that if a purlin be assumed to span several trusses, and the 

moments calculated by continuous girder methods, the moment to be provided for will be 
only slightly less than for a simple beam. 

For components of load parallel to the roof surface, the purlin can be considered as a eon« 
tinuous beam supported at its ends by the trusses, and at other points by the tie rods. The 
supports provided by the tie rods are not as rigid as those provided by the truss, so that the con^ 
tinuous girder coefficients given in Sect. 1, Art* 72(d), should be modified somewhat. Fig. 86(a) 
shows the values proposed for cases in which the purlin is assumed as divided into two parts 
by the tie rod, and 80(5) shows the values where the tie rods divide the purlin into three 
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li p«^. It is aamuncd that the ooeffieient is >fo instead of H, and that the span is equd to the 
^ distance from truss to tie rod. 

in inakmg use of the S-Polygon methods in the design of purlins for the assumed conditions, 
it will be necessary to determine the resultant moment at the tie rod and also at a point half way 
between the tie rod and the truss. These resultant moments are equal to the vector sum of the 
component moments parallel and perpendicular to the roof surface. The values of the flexural 
* modulus, Sf are determined from these resultant moments, and the required and provided S 
compared by the methods used in the preceding design. 


5-FbiyQon 
6in 61b 
Channel 


A purlin will now be designed supported by tie rods. The conditions will be taken the same as for the preceding 
design, with the futher condition that the purlin is to be supported by a line of tie rode placed at the center of the 
purlin. 

As the depth of the purlin is usiudly limited to Ho of the span, a 6-in. section must be used. The 6-in. section 
of least weight is a 6-in. 8-lb. channel, which will be taken as the trial section. The weight of the assumed section 
per square foot of roof surface ia H 2 7 lb. Using other values as in the preceding design, the several combi¬ 
nations are as follows: 

Case 1. Dead Load and Snow Load —As before, the dead load due to corrugated steel and kning is 2.6 lb. 

per sq. ft. of roof, and the snow 
load is 15.0 lb. per sq. ft. The 
weight of the assumed purlin sec- 
. tion as given above is 2.7 lb per 

\ sq ft. of roof. The total vertical 

load is then 20.3 lb per sq ft. of 
roof. From the force diagram of 
Fig 87(a) the component of this 
load parallel to the roof surface is 
10.2 lb. per sq. ft., and the com¬ 
ponent perpendicular to the roof 
is 17.6 lb. per sq ft. 

Using the oeeffioients shown 
on Fig. 86(a), the component of 
moment parallel to the roof is 
+ Kowf* - Ho( + 10.2) (8) (12) 
(16)* « + 2360 in.-lb. at the 
quarter point, and —2350 in.-Ib, 
at the tie rod. The component 
of moment perpendicular to the 
roof is + Howl* - (17.6) (3) 

(12) (16)* - +15,200 in.-lb. at the 
quarter point, and +Hwl* + 
H(17.6)(3)(12)(16)» - +20,300 
^in.-lb. at the tie rod. 

The resultants of these 
moments, which are determined 
. graphically by means of the force 

diagrams of Figs. 87 (c) and (d), are 15,350 in.-lb. at the quarter point, and 20,450 in.-lb. at the tie rod. It is to be 
noted that at the tie rod the component moment parallel to the roof surface is negative. In determining the 
resultant moment Fig. 87(d), this component is plotted to the left of the origin. The component of moment 
peipeiidioular to the roof surface is positive, and is plotted above the OX axis, as in the preceding cases. 

With allowable / 16,000 lb. per sq. in , 5 « AT// 15,350/16,000 0.06 in.* at the quarter point, and 

20,450/16,000 1.28 in.* at the tie rod. These values of 6 are shown in position on the ^-Polygon of Fig. 87(sV. 

The values of S for the section at the tie rod are plotted below the OX axis, for, as shown by the complete S**Poilygoii, 
the values of 6 for the given plane of bending are determined by the fourth quadrant d-14ne. 

Com 2. Dead Load and Wind Load.—-The dead load due to the roof covering and the purlin is a vertical load of 
M tb. per sq. ft., as determined for Case 1, and the wind load is a normal load of 24 ib. per sq. ft., as determined 
lor Ouse 2 ^ the preceding design. From the force diagram of Fig. 87(h), the component perpendicular to the 
roof ia 28.6 lb. per sq. ft., and that parallel to the roof is 2.7 lb. per sq. ft. By the methods of Case 1, it will be 
iooud that at the quarter point the component of moment perpendicular to the roof is +24,700 in.4b., and that 
pmaHul to the roof hi +625 in.-lb.; the resultant moment, as determined graphically by Fig. 87(c), is 24,800 in.«lb.; 
•Ii4iamr«i|iiired6 - 24.800/16.000 • 1.55 in.* 

At the eenter point, the moment perpendicular to ^e roof ie 32,000 in.4b., and that parallel to the roof is 
^025ln.4b4 themultant moment, ae deimmined by Fig!. 87(<0, is 88,000in.4b.i and the reqidmd 6 88,000/10,000 
tWevaluesafOihewniinFig.87(s). 

Cke$ 2, Ptad Load, Wind Load, and One^kat/Snow LamL-^With the half snow load as 7,6}b. per sq, ft., the 
teial VMtIeal lead is 12.8 lb. per sq< ft. As In the preceding eases, the normal wind load is 24.0 lb. per sq, ft. 
tWn Fig, 67(h)» the component perpendieular to t^ roof li 8AI 1b. per sq. ft,, and that pamOdl to ths twit k 
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6.4 lb. p«r va* auATter ptmi, the moment perpendiotilwr to tiie roof U d0,800 and thnt pmM 

the roof 1* 4-1480 at the tie rod the oorr6tpou<Unf values are: moment perpen<Ueular to the roof 

in.4b.; moment parallel to the roof ■» -1480 in.4b. From Fig, 87(c), the reeultant moment at the quarter piiro 
is 30,380 in.-lb.; the required 8 « 30,360/16.000 •• 1.90 ln.» From Pig. 87(<l), the resultant moment di 
tie rod- 40 , 600 ln.-lb.; the required 8 » 40.600/16.000 - 2.64 in.* 

Determination of Purlin Section, —^Pig. 87(e) shows the S>Polygon of the assumed 6-in. channel section* Ilk 
will be found that all of the plotted values of 8 lie inside of the polygon. The assumed section is therefore ampjet 
and will be adopted. 

The results of this design show that the use of tie rods makes it possible to use smaller sections for purlins than 
for the conditions assumed in the preceding design, where the purlins were assumed to be free to bend in any direo<* 
tion. Where the purlin was assumed to be free to bend in any direction, a 6-in. 12>^-lb. I-beam was required. 
Where tie rods were used, a 6-in. 8-lb. channel was found to answer. This represents a saving of 4)4 lb. pw ft. 


of purlin. 

From an inspection of 
the S-Polygon of Fig 
87(e), it can be seen that 
the values of required S 
he close to the OY axis. 
For all cases, except where 
the roof slope is very steep, 
it will probably be correct 
to assume that the tie rods 
offer complete lateral sup¬ 
port for the purlin. The 
design can then be carried 
out by the methods used 
in the design of the pur¬ 
lins for rigid roof cover¬ 
ing, as given in the first 
part of this article. 

Desion of Tie Rode,-^ 
Tie rods usually consist of 
round rods threaded at the 




ends to provide a means 


Fia. 88. 


of fastening the tie to the 


purlin section. Fig. 88 (o) shows the type of connection usually used. 

As the tie rods form a continuous line from the eaves to the ridge, the stress in the rods increases to a maximiun 
at the ridge. The area of the tie rod at the root of thread must be sufficient to carry a load caused by the compo¬ 
nent of loads parallel to the roof acting over the area tributary to the tie rod of maximum stress. 

To illustrate the methods of design, assume that the slant height of the foot considered in the preceding design 
is 36 ft. As the trusses are 16 ft. apart, and there is a single line of tie rods at the center of the purlin, the area 
tributary to the tie rod of maximum stress is 36 X 8 — 288 sq. ft. From the force diagrams of Fig. 87, it will be 
found that the greatest component of load parallel to the roof is caused by the loading of Case 1, and that this 
component is 10.2 lb. per sq. ft. of roof. The load to be carried by the tie rod is then 288 X 10.2 •• 2940 lb 
With an allowable working stress of 16,000 lb. per sq. in., the area at the root of thread is 2040/16,000 0.184 

sq. in. From the table of screw threads on p. 238, i^o given in the steel handbooks, it will be found that a H* 
in. round rod will answer. If the load to be carried is too large for a sins^e line of H or K’ln. tie rods, the load 
can be reduced by adding another line of ties. 

The method of attachment of tie rods at the ridge requires some consideration. Two methods of making 
the ridge connection are shown in Fig. 88. In Fig. 88(a), two purlins are provided at the ridge. The line of tie 
rods on either side of the ridge is joined by means of a short connecting tie. Fig. 88(6) shows the force diagram 
for the determination of the stresses in the rods and the load to be carried by the purlin due to the tie rods. It is 
probable that a larger section will have to be provided at the ridge in order to carry the heavy concentration brouf^t 
to this point by the tie rod. Fig. 88(e) shows an arrangement in which a single I-beam forms the ridge support. 
The diagram of forces is shown in Fig. 88(d). 


WOODBN COLUMNS 

By Hbnby D. Dbwbll 

Interior columiia of buildingSi dupporting floors only, are normally square in cross seottoiif 
while columns supporting roof trusses are usually made rectangular in order to attain greater 
stiffness in the plane of the roof truss than in the plane of the building wall. Columns sup¬ 
porting roof trusses may take bending stresses, due to wind, far in excess of the unit stresses 
pvodu^ by the weight of the roof and wall constructions. 
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Interior columns^ when exposed, are usually surfaced four sides, and the corners champ- 
fered. Sometimes the columns are bored from end to end with a IJ^-in. hole, and with 
holes at top and bottom extending from the face of column to the core hole. This is done in 
order to prevent dry rot, and to relieve the usual condition of rapid drying out of the exterior of 
the column, and slow seasoning of the interior timber. 

Wooden columns with a ratio of j greater than 20 will fail by lateral buckling. No wooden 

column should be designed with a greater j than 60, and good practice will lower this limiting 
Blendemess ratio to 40. 

A general treatment pertaining to columns and column loads is given in the chapter on 
‘^Columns” in Sect. 1. For splicing wooden columns and for column connections, see Arts. 
121 and 123. Bending and direct stress in columns is treated in Sect. 1. 

65. Formulas for Wooden Columns.—All modern formulas for wooden columns assume 

the case of square-ended columns, and this con- 



0 K) 20 30 40 50 60 

values of ^ 


dition of ends is the only condition recognized 
in practice. Practically all of the tests on wooden 
columns have been made with fiat ends. 

A number of formulas have been proposed and 
are in use for determining the safe working strength 
of wooden columns. With few exceptions these 
formulas are of the experimental type—that is, they 
are based on the results of tests. The straight-line 
formula is the type most favored by engineers. The 
two formulas of this type most generally used are 
(sec also Sect. 1, Art. 99): (1) the formula of the 
American Railway Engineering Association 



and (2), the Winslow formula 



The second class of column formulas gives a 
curved graph. Of this type, the following formula 
of the U. S. Department of Agriculture is extensively 


Fxo. 8d.*~CunreB of column formulas. (C ■* 
1600). 


employed 


? 


y 700 -h 16c \ 
\700 + 16c 4* cV 


In the above formulas, p — average unit compression fib. per sq. in.). 

C = compressive strength for short columns (lb. per sq. in.). 



L length of column in inches. 
d = least cross-sectional dimension of colunui in inches. 


For the range of values of ^ occurring in ordinary building construction, the three preceding 
fomnilas will give approximately the same results. Fig. 89 shows the graphs of these formulas 
for working conditions, with C « 1600. For columns with a slenderness ratio less than 

15, the unit stress to he used is that for j « 16, 
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The laU«st column formula in geiKual use* is tliat of the Forest Products Ijal>oratoryt 
Madison, Wis. 



w here = allowable column stress, in pounds per square inch. 

C = safe stress for the material in compression parallel to grain, in pounds per square 
inch, for short columns. • 

L « unsupported length of column, in inches. 
d « least dimension of column, in inches. 

constant dependent on the modulus of elasticity and the maximum crushing 
strength parallel to grain, which in turn vary with the species and grade. 

See tables in the appendices at the end of Vol. II for values of K and other information 
relating to timber strength. 

Table 1, p. 201, gives the unit stress for timber columns for various ratios of and values 

of C from 1000 to 1600 inclusive, corresponding to the formula of the U. S. Department of 
Agriculture. Table 2 gives similar quantities using the American Railway Engineering Asso¬ 
ciation formula. Table 3 gives the safe loads in thousands of pounds for surfaced square timber 
(‘olumns, by the American Railway Engineering Association formula. 

66 . Ultimate Loads for Columns.—It is sometimes necessary to investigate the ultimate 
strength of wooden columns. Unfortunately, the ultimate strength of a timber column, 

especially of a long column, or a column with an ^ of from 40 to 60, is indeterminate. The 

tests which have been made on long columns of sections commensurate with those used in 
building construction are not sufficient in number to justify confidence in the values given by 
formulas. 

From the results of tests made by the Watertown Arsenal, J. B. Johnson proposed for tim-' 
ber columns the following formulas: 

Ultimate strength for partially seasoned yellow pine columns 

V = 4600 - l 

Ultimate strength for partially seasoned white pine column 

p = 2500 - 0.5(^y 

Ultimate strength for dry long leaf pine column 

p = 6000 - 

Ultimate strength for dry white pine column 

p = 3600 - 0.72^1^ 

W. H. Burr, from a study of the same tests, recommends the formulas: 

For yellow pine 

p - 5800 - 7(^ 

For white pine 

p - 8800 - 4:^ 

One other column formula needs to be mentioned, since it has been used quite extensively 
ia the past. This is the formula of 0. Shakr Smith who made some 1200 tests on fulhaiaed 
spemmens of square and rectangular yellow pine columns for the Ordnance Departm^t of 
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the Coofederate Govenunent. For green, half-eeasoned sticks of good merobsatable lumber 
the formula, of Smith is 

5400 

^ “ 1 + 

^ 260 d» 


This formula gives much lower strength values for wooden columns than any of the preceding 
formulas. 


All of the above formulas for ultimate strengths are based on short-time loadings. J. B. 
Johnson, in some 75 tests made to investigate the effect of time on continued uniform loading 
of timber in end compression, found that but little more than one-half the short-time ultimate 
bad will cause a column to fail, if left on permanently. In other words, the ultimate strength 
of a timber column under permanent loads is approximately one-half the ultimate strength of 


(h; (A) 

Fio W —Sections of 
bnilt-up columns. 


the same column, as determined from the results of an actual test in a 
testing machine. 

67. Built-up Columns.—The preceding discussion applies only to 
columns consisting of single sticks of timber. Bmlt-up columns may 
be divided into two types: (1) those of solid section made up of thin 
planking and nailed, or nailed and bolted; and (2) columns of sobd 


section bolted and keyed together, also latticed or trussed columns. 


Tppe (1).—Columns of the first class are often used in cheap construction and, unfortu¬ 


nately, in situations where there is no excuse for not using a solid section. Carpenters, in order 
to make use of material available or handy, will often build up posts spiked together mstead 
of using a solid section, in the belief that they are furnishing a stronger column than the larger 
timber of one piece. Tests have conclusively shown that a column of two or three pieces of 
timber blocked apart and bolted together at the ends and middle has no greater strength than 


the sum of the strengths of the component sticks, each acting as a single column, entirely 
independent of the other sticks. 


The strength of a built-up column of this class depends 
wholly upon the ability of the fastenings to resist initial 
deflection under loading. Such columns are usually designed 
with one of two typical sections: a column composed of a 
number of planks laid face to face and bolted or spiked 
together, as shown in Fig. 90(a); or a column composed of 
planks face to face with their edges tied together by cover- 
plates, as in Fig. 90(5). Of the two details, that of Fig. 90(5) 
is far superior to Fig. 90(a). When a column of the type 
shown in Fig. 90(5) is thoroughly spiked, in addition to b^g 
bolted, the strength of column is undoubtedly greater than 
the sum of the strengths of the component planks acting as 
individual sticks. From tests made by the writer, it is 
recommended that the strength of a built-up column of the 
type of Fig. 90(a) be taken at 80% of the mean of the strength 
computed, (1) as a solid stick, and (2) as a summation of the 
strength of the individual sticks considered as individual 



(a) (i) 0^) 
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columns. For columns of the type of Fig. 90(5), it is recommended that the strength be taken 
as 80% of that of a solid stick of equal cross section and length. 

The preceding recommendations are for built-up columns taking no i^preciable bending 
stresses; in other words, for columns whose bads are balanced about the gravity center of the 
column sectbn. Obviously, the resistance to bending of a built-up column of this class is bw, 
as has been pointed out in the case of built-up girders (see Art. 45). 

f(2 ).—Jxk framing for large timber buildings, as for eoqpositfons, irooden columns are 
aometiiaes constructed of two posts bolted and keyed together (fig. 91a), two posts laced witit 
disgona) sheathing (Fig. 915)^ or four posts laced together <1%. 91c). gbch g constructfam 
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Tabjm X,~Wobkino Unit STRBSftas in Pounds pbe Squabs Inch fob Timbbb CSosuiim 
WITH Squabs Ends, ^tmmsthicallt Loadsd 
(Formula of IT. S. Department of AgHeulture) 



Working unit atreesee in pounds per equate inch for values of “ C” as indicated 


1000 

1100 

1200 

1800 

1400 

1600 

1600 

16 

S04 

884 

965 

1046 

1127 

1206 

1284 

16 

785 

864 

943 

1022 

1100 

1179 

1255 

17 

767 

844 

921 

998 

1075 

1150 

1226 

18 

749 

823 

899 

974 

1050 

1124 

1199 

19 

730 

805 

878 

950 

1025 

1097 

1170 

20 

712 

786 

867 

928 

1000 

1071 

1143 

21 

695 

768 

837 

905 

975 

1040 

1117 

22 

679 

750 

817 

883 

951 

1020 

1090 

23 

663 

731 

796 

861 

929 

996 

1063 

24 

647 

714 

778 

841 

906 

971 

1039 

1 

25 

631 

697 

759 

821 

884 

! 940 

1 

1013 

26 

617 

681 

741 

802 

864 

1 927 

989 

27 

601 

664 

724 

784 

844 

1 905 

965 

28 

687 

648 

707 

766 

824 

' 883 

942 

20 

573 

632 

690 

748 

805 

802 

920 

30 

559 

617 

674 

730 

787 

841 

899 

81 

547 

601 

669 

718 

768 

821 

878 

32 

534 

587 

643 

696 

760 

801 

866 


Table 2«—Wobkeno Unit Stressss in Pounds per Square Inch for Tibcber Columns 
WITH Square Ends, Symmetrically Loaded 

(Formula of Amerioau Railway Engineering Aaeociation) 


L/d 

Working unit stresses in pounds per square inch for values of as indicated 

1000 

1100 

1200 

1300 

1400 

1 

> 1500 

I 

1600 

t 

15 

749 

824 

900 

974 

1049 

112S 

1200 

16 

732 

806 

879 

952 

1025 

1100 

1182 

17 

716 

787 

860 

930 

1002 

1075 

1145 

18 

700 

769 

840 

909 

979 

1050 

1119 

19 

683 

750 

819 

887 

955 

1025 

1092 

20 

666 

732 

800 

866 

932 

1000 

1065 

21 

1 649 

714 

779 

843 

909 

975 

1039 

22 

632 

696 

760 

822 

885 

950 

1012 

23 

616 

677 

739 

801 

862 

925 

985 

24 

600 

659 

720 

779 

839 

900 

959 

25 

582 

640 

699 

757 

815 

875 

932 

26 

566 

622 

680 

735 

792 

850 

906 

27 

549 

604 

659 

714 

769 

825 

879 

28 

533 

585 

639 

692 

746 

800 

852 

29 

516 

567 

620 

670 

722 

775 

825 

80 

500 

548 

599 

649 

699 

750 

799 

81 

488 

580 

680 

627 

675 

726 

772 

82 

466 

512 

559 

606 

! 

651 

700 

745 
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be necessary for the long story heights encoimterefi 
in such buildings. The lacing shown in the detail of 
Fig. 91(c) may be spiked, bolted, or attached by 
means of lag screws, as determined usuaUy by con¬ 
sideration of the stresses in the lacing due to wind 
shear. For dead loads, it is well to assume that the 
individual timbers act as separate columns, not held 
together by the fastenings. The lacing may be at 60 
or at 45 deg. with the axis of the column, depending 
on the judgment of the designer. In general, the 
writer prefers the 60-dcg. lacing. 

68. Column Bases.—Except for temporary con¬ 
struction, building footings at the present time are 
constructed of concrete, reinforced concrete, or steel 
grillages incased in concrete. The statement may 



Fiq 92. Fio. 93.—Duplex steel 

post base. 



Pia. 94,—Typical details of construction with “Palls” post caps 
and bases. 

be made, therefore, that the first-story column of any 
building will rest on a concrete footing. A base plate 
between the bottom of post and top of footing is a 
necessity for two reasons: (1) to distribute the column 
pressure over the footing without exceeding the safe 
unit bearing pressure for concrete; and (2) to prevent 
moisture from entering the bottom of the column and 
causing rot. For this purpose a wooden plate, 
preferably of redwood or cedar, a standard metal 
column base, a cast-iron base, a cast-steel base, or a 
plain steel plate or a rolled steel slab may be used. A 
plain or rolled steel plato is often found to be as 
satisfactory and more economical than the standard 
metal post base. If a single plate is used, the thick¬ 


ness must be sufi^iont to give strength to the plate, in flexure, to distribute the load uniformly 
over the footing, with a uniform distribution of pressure on the footing. 
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JUuctrative ProMem.—Given a 12 X 12*in. column oarryinc a load of ld0»000 lb. llain« a working value of 
iOO lb. per aa. in. for bearing on the concrete, a baae of 180,000/400 •* 326 aq. in. ia required, or 18 in. aquare. Tbe 
plate will then project 3H in- from each face of column. Tbe bending moment on the plate may be taken aa 

(9) - ( ^^ —) ( h ) (w) - (3a.600) ( 2 . 17 ) - 70,600 ui.-n>, TW* mMMUt w rented by th* 

full Width of base. As the plate is in effect a short, thick beam, a maximum flexural fiber stress of 20,000 lb. per aq. in. 
for str uctur al steel may be used, giving a required section modulus of 3.63. Therefore S •• (H)(18)(d*) • 8.68, or 
d » \/i7l8 * 1.08, or a IHe-in plate 

In detailing the base of column, it is well to set a dowel into the concrete and let the same 
pmjeet into the bottom of post. The size of dowel is a matter of judgment. For a 12 X 12-in. 
l)o.st, the dowel should be not less than IH X 6 in. 

If the use of a standard column base is contemplated, the particular base should be 
examined to make .sure its composition is suflSciently strong to distribute its load equally over 
the foundation. 

It remains to be stated that all metal bases should be well'painted. The bottoms of col¬ 
umns should be given two coats of a good wood preservative. The top of the concrete footing 
.<%hould be set a few inches above the floor to prevent moisture standing around the bottom of the 
column. 

Figs. 92, 93 and 94 show standard post bases, taken from manufacturers’ catalogs. 


CAST-IRON COLUMNS 
By H. S. Roosrs 

69* Use of Cast-iron Columns*—Cast-iron columns arc suitable only for small buildings 
of non-fireproof construction. They offer somewhat greater resistance to fire than unprotected 
steel columns and occupy a minimum of space in the building, but cast iron is by no means so 
reliable as steel and the bolted connections of cast-iron columns allow more or less lateral 
movement which is seiious in high buildings. 

Columns of this material should not be used with fabricated steel in skeleton construction 
or under conditions which produce flexural stresses of any magnitude, other than those due to 
concentrically loaded column action. The unreliability of cast-iron columns is due to the 
variation in quality of the material, defects likely to occur in casting, and the difficulty of 
thorough in.spection. 

70* Properties of Cast Iron.—^Cast iron has a very high unit compressive strength—^usually 
considered to be about 80,000 lb. per sq. in. This material, however, is not strong in shear or 
tension, the average ultimate shearing stress being 18,000 lb. per sq. in., and the average ulti¬ 
mate tensile stress 15,000 lb. per sq. in. The ultimate intensity of stress which can be developed 
in a piece of cast iron varies with its flneness of grain, and depends largely upon its thickness 
and the rate of cooling, as well as its composition. The high compressive stresses make it a 
very desirable material to use in compression, but because of the somewhat treacherotis nature 
of east iron, the high compressive stresses found are often misleading. Also, the low shearing 
and tensile values preclude its use under any condition other than that of direct compression. 
It does not rust so quickly as steel and resists Are somewhat better, but may, however, be sub¬ 
jected to serious strains because of sudden cooling with water from a Are stream. It is very hard 
and brittle, and fractures suddenly without warning. No riveted connections should be made 
to cast iron. AH connections of girders to columns, or column to column, must thereliffe be 
made by bolts which impair the rigidity of a structure by the allowance for clearance* 

71* Manufacture of Caat-lroa Cduiiiiis^--<)ast*ir^ columns may be cast in sand mcdds 
eitbm iu?on the side or on end. In either case a baked core molded to the dlmep riouc of the 
nyside ctf the column must be made of sand, flour, and water, and supported witldn the 
moH There are practical conditions surrounding every part of the work whidi wjB detannlna 
the qpe&ty of the colmnn produced* Many pronounc^ defects found in eohimns are due te 
the method of pouring used in their manufacture* 
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Xf the column is cast on its side, the core will be buoyed up within the mold because of tlMt 
great difference in density between it and the molten metal. Provision must, thereforey be 
made to prevent the core from rising toward the top side of the mold, or from being sprung from 
line so that the mid^portion of the top side of the casting will be thinner than the desired thick** 
ness. This defect produced by floating cores'' is one which is frequently found in cast-ir<^ 
columns. The molten metal rising in the mold carries dirt and air above, in which wiU form 
honeycomb" and "blowholes" along the top side of the column, unless provision is made by 
vents for the escape of the air. This provision can be made by forcing a wire rod through the 
mold at intervals. When these difficulties have been overcome, there arc still others which may 
arise due to unequal cooling produced by the manner or speed of pouring, by the condition of 
part of the mold, or by the unequal radiation in the molds. The last may be due to an unequal 
uncovering of the mold. Unequal cooling may produce stresses which will crack the column 
before any load is placed upon it. 

The end method of casting avoids some of these difficulties if the molten metal is introduced 
at the bottom of the mold. The dirt, sand, and air that collect will thus be borne to the top 
of the mold so that they can be removed, but the pre.ssure produced by the head of molten 
metal will often be greater than the mold can withstand, if the column is of any considerable 
length. The defects found in columns cast on end will not, however, be so numerous as those 
found in columns cast on the side. These defects can be eliminated to some extent by careful 
foundry work. If not eliminated, they should be caught at the time of inspection. 

73. Inspection of Cast-iron Columns.—Cast-iron columns may have defects either in the 
surface, or within the metal, or may have insufficient strength due to variation in the section 
of the metal due to displacement of the core. Defects in the surface can be found by a careful 
examination of the column. Defects within the metal can be discovered by a careful tapping 
of the column with a hammer, as the honeycomb or sand spots will sound dead. In hoUow square 
or round columns, variation in thickness of the metal can be determined by drilling two or 
three holes through the column. If this variation is more than % in., the column should 
be rejected. The H**section affords easy access to the surface for inspection and painting, and 
opportunity to measure the section. Columns with brackets should be carefully inspected 
at these details, especially if the column has been poured on its side through the bracket. 

73. Tests of Cast-iron Columns.—The Department of Buildings of New York City made 
a series of tests upon cast-iron columns some years ago at the works of the Phoenix Bridge Co. 
Nine columns were tested to destruction and a tenth to the capacity of the testing machine. 
Six of the ten columns had a diameter of 15 in., a length of 15 ft. 10 in., and a thickness of shell 
of 1 in.; two had a diameter of 8 in., a ratio of L/d equal to 20, and a shell thickness of 1 in.; 
two had a diameter of 6 in., a ratio of L/d equal to 20, and a shell thickness of 1 in. 

The columns broke at loads varying from 22,700 lb. per sq. in. to over 40,400 lb. per sq. in., 
the latter being the intensity of stress in one of the 15-in. columns which withstood the total 
capacity of the machine. The other five 15-in. columns all exhibited 
foundry dirt, honeycomb, cinder pockets, or blowholes. 

74. Deidgn of Cast-iron Columns.—The sections of cast-iron 
columns in general use are shown in Fig. 95. The hollow cylindrical 
section gives the best distribution of metal in a column, but the con¬ 
nection details do not work so nicely as those for the hollow square 
section, which is almost as efficient in distribution of material. The hollow square section, on 
the other hand, has disadvantages which are not found in the hollow cylindrical section. The 
corulls of the square section are very liable to crack, due to the cooling of the column; but this 
can be obviated by an outside curved comer and an inside fillet. The H-section, though not 
affording a distribution of material so efficient as the hollow cylindrical or hollow square column, 
has the advantages of being open to inspection, of being cast without a core, and of being 
easily built into a brick wall. It meets with the greatest favor as a wall column. 

Ithe allowable unit stresses in the sections of cast-iron columns are determined as discussed 
in Beet. I, 98. The type of column is first selected and then tested for its total strength 
tiie gpf^tion of one of the column formulas for unit stresses. There are two types Of 
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formulas in general use for determining the unit stresses in cast-iron columns; the Gordon and 
the straight line. The Gordon type is specified by the building code of Philadelphia and the 
straight-line type by the codes of New York, Boston, Chicago, and Seattle. In the Gordon 
type the radius of gyration has been replaced by the value d, which is the outside diameter of 
cylindrical section, or the outside dimension of the square. This can be done by changing the 

constant in the denominator of the factor , since the radius of gyration for any particular 

value of thickness of the shell bears a direct relation to the outside dimeiLsion, and since the 
radii of gyration for any outside dimension arc practically the same for all the standard thick¬ 
nesses of shell. The formulas adopted in several codes are given in Sect. 1, Art. 98. 

The following specifications should be observed in the design of the shafts of cast-iron 
columns: 

The minimum thicknoBS of tho sholl should not bo loss than ^4 in , the maximum thicknoss should not be 
groator than to 2 H m 

The maximum diameter should not be greater than 16 in ; the niinimuin diameter should not be less than if or 6 
in. 

The slenderness ratio, L/r, should not exceed 70 ; the unsupported length of the column should not exceed 
20 times tho least diameter 

All eoaners should be filleted with a radius of >4 or H m 

No inside offset nor any sudden change in the thickness of shaft should be made. 

75. Column Caps and Bases.—Hollow cylindrical and square casMron rolurnns an*, gcuicr- 
ally fastened together by a simple flanged base and cap as diown in Fig. 96 (a) and 96 (h). 



Fiu. 9 G.—Cast-iron column details. 


The flanges should not be thinner than the shaft of the column and should be at least 3 in. wide; 
which width will be sufficient for hexagonal nuts on ?i-in. bolts. These flanges should be faced 
at right angles to the axis of the column. The bolt holes in the flanges should be drilled to a 
templet so that the columns can be fitted together in proper alignment and the flanges should be 
spot-faced at bolt holes so that they will give a square firm bearing to bolts and nuts. If the 
ends of cast-iron columns must be left rough, sheets of lead or copper should be placed between 
flanges of coliunns bolted together, so that an even bearing will be obtained by the soft metal 
taking up the inequalities of the surface. In no case should shims be used to wedge up one 
side of a column. 

If it IS desired to give any architectural pretentions to the caps or bases of cast-iron columns, 
the design of such should be made so as not to weaken the shaft section of the column by change 
of dimensions or offsets that will throw transverse stresses into the column. Ornamental caps 
or bases of large sise should be cast separate from the column. 

76. itoidcet Cotmections.—^The usual forms for the connections of beams and girders of 
cast-iron columns are shown in Fig. 96(c), 96(d), and 96(e) and in the table of Manufacturers’ 
Standard Oast-iron Column Connections/' The beam rests upon the bracket shelf and is bolted 
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to the lug on the column through the web. The holes in the web of the beam for bolting to 
the lugs should be drilled in the field in order to match the cored holes of the lug. 

Connections should be designed with a bracket directly below the web of a single girder or 
below each web of a box girder so that no transverse bending strains will be thrown into the 
bracket shelf. The bracket shelf should be given a slop of ^ in. to the foot away from the 
column so that the load cannot be applied at the end of the shelf. A bracket will bear only 
about one-half as great a load applied eccentrically at the edge of the shelf as one distributed 
over the shelf. A bracket shelf may fail in one of three ways, (1) by shearing through shelf and 
bracket next to the column, (2) by transverse bending, or (3) by tearing out a section of the 
column as shown in Fig. 96(/). 

Manufacturers* Standard Cast-iron Column ConxVectionw 

(Dimensions in Inches) 




Depth of 
beam 

A 



V 

E 

F 

— 

G 

11 

K 

Thickness 
of lugs 

Holes 












20 

18 i 

5 

4 

5 

5 

6 

6 1 

lOH 
lOH i 

IH I 
IH 

IH 

IH 

2 

2 

IH 

IH 

2 

2 

1 

1 

cored for 
H-in. bolts 

15 

4 




m \ 

IH 

2 

IH 

IH 

1 


12 

3 • 

3 

4H 

7H 1 


IH 

2 

IH 

IH 

1 





toJ 


Depth of 
beam 

a 

B 

B 


E 

F 

0 

7/ 

K 

Thickness 
of lugs 




8H 

m 

B 

IH 

1 

2 

IH 

m 

1 

xioiee 
cored for 



3 

■■ 

Bfl 

1 

1 

2 

IH 

mm 

1 

^ 4 -in. bolts 



3 


Bfl 

1 

1 

2 

IH 

IH 

H 




an 

n 

Hi 

1 

1 

2 

W 

IH 

h 










. 





Teats by the Building'Deputment of New York City have shown that brackets will not 
ftlit by aheair or tnnsverae bending on eolumna of more than &-in. diameter if designed aeoording 
to stopdard ptaetiee. Of 22 bradcets tested* those on 8 or 164n. columns failed by tearing boles 
ia the body of tibe column, and 4 on Sdn. columns failed by shearing or transrerse stress. 
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The design of bracket shelves by any rigorous analytical method is impossible. Some of the 
factors which complicate it are the rate of cooling, variations in the thickness of metaJ, and 
imperfections. The design shouldi however, be checked against failure due to shear or trans¬ 
verse bending. 


STEEL COLUMNS 
By Clyde T Morris 


77. Steel Column Formulas.—Practical column formulas that are m use in this country 
are of three types, the Rankine or Gordon type (Formula 1), the straight line (Formula 2), 
and the parabolic type (Formula 3) 


11 

Rankine or Gordon formula 

(1) 

p 

Straight line formula 

(2) 

p = / - «-, 

Paralwhc formula 

(3) 


in which p » allowable intensity of stress over the column section. 

/ « maximum allowable intensity of stress in short blocks. 

L ss length. 

- is called the slenderness ratio, 
r 

a, m, and n are constants. 

The constants in these formulas are determined from experiments. Many authorities 
give three values for the constant in Formula (1), corresponding to two fixed ends, one 
fixed and one pin end, and two pm ends. 

A general treatment pertaimng to columns and column loads is given in the chapter on 
Columns m Sect. 1. Bending and direct stress in columns is treated in the chapter on 
Bending and Direct Stress—Wood and Steel ” in Sect. 1. For column connections, see Sect. 3, 
Art. 726. 

78. Slenderness Ratio.—The unsupported length of a compression member should never 
exceed 200 times its least radius of gyration. The following are usually recognized as the upper 

limits of the value of - for the various classes of structures: 


For lateral struts carrying wind stresses only, in buildings.. 160 to 200. 

For lateral struts carrying wind stresses only, in bridges. 120 to 160. 

For columns in buildings with quiescent loads. 120 to 160. 

For compression members in bridges... «... 100 to 120. 


78. Foma of Cross Section.—For economy, the radius of gyration of the section should be 
as large as possible. This makes it desirable to place as much of the material as possible as far 
from the axis of the column as is consistent with good design. The hollow cylinder is theoret- 
icaSy the most economical form of column cross sectiony for in this form ail of the materiid is at 
a jpaeadnatim distance from the axis. 

Steel pipe columns are frequently used for light loads where the bads are quiescent and 
there Is no probability of a lateral component to the forces acting on the column. The capsand 
bases of tihm are usually cast iron and the use of this form of column has the same Emitatimis 
m that td easbhmn columns. 

fig. 07 sham the more oommcm forms of cross section for steejl edhimns and struts^ 

Shuts of tm sa#^ 87a) are commonly used for ktmal bracmg. Tfm secliao 

Is uniT^ipatshud 
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composed of two cbaimelB laced (Fig. 97g, h, and k) or of two pairs of angles laced (Fig. 975) iMPe not 
so rigid in the plane of the lacing as those in wMch the parts are connected by plat^. 
should be used in proportioning the lacing in such columns. Types i and I are forms which are 
commonly used for top chords and end posts of bridges. The lattice on the lower side permits 
access for cleaning and painting. The Bethlehem H-section (Fig. 97 e and /) is a form much 
used in btiilding work. Type (e) without cover plates is very economical on account of the 
small amount of fabrication necessary. Type (/) is much more expensive as it is necessary to 
drill the holes in the heavy flanges of the H-section for riveting on the cover plates. These 
flanges are too thick to punch. Z-bar columns 
(Fig. 97 q and r) are seldom used in modern 
structures. The Gray column (Fig. 97«) and 
the four-angle column (Fig. 970 are fre¬ 
quently used in combined steel and concrete 
columns. 

80. Steel Column Details.—The component 
parts of a column must be so rigidly connected 
together that they cannot deform independently. 

The entire section must act as a unit. In the 
types of columns which do not have lacing, the 
riveting necessary to hold the parts in contact 
and make tight joints will be sufficient to trans¬ 
mit the transverse shear and ensure the action 
of the column as a unit. 

80o. Lattice or Lacing.—When 
lattice or lacing is used to connect the parts of 
a column, it must be proportioned to take the 
transverse shear caused by the bending of the 
column. Professors Talbot and Moore, in the 
Trans. Am. Soc. C. E., Vol. LXV, p. 202, give 
an account of experiments performed at the 
University of Illinois to determine the stresses 
in lace bars. The following is quoted from this 
report: 

The meaeurementa indicate streesee in the lattice ban 
which would be produced by a traneverse ahear equal in Pio. 97 , 

amount to 1 to 3 % of the applied oompreaaion load* or to 

that produced by a concentrated tranaverae load at the middle of the column length equal to 2 to 6 % of the eom- 
preaaion load. 
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Two methods of proportioning lace bars are in common use: First Method .—Column 
formulas used in design give a reduced allowed unit stress which is the average over the section. 
The maximum allowed fiber stress on the cross section is usually included as a factor in the 
formula, and the difference between the maximum and the average is the fiber stress caused by 
the bending due to column action. This difference in fiber stress is assumed to be due to a 
uniform transverse load applied to the column, and from this the equivalent transverse shear 
may be calculated as follows: 

In Formulas (2), (3), or (4) 


/“ 
P - 

/- 

from wMch 


the maximum allowed fiber stress, 
the average unit stress. 


P 


I 


Me 

Ar* 


and M 


U - p)Ar^ 

c 


and shear 


4(/ - p)At* 
Zc 


(4) 
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Second Methods —A column under stress will deform into a curve with a point of contra- 
flexure near each end, the distance from the end depending upon the degree of fixity of the end 
(see Fig. 103, Sect, 1, p. 59). At these points of contra-flexure the bending moment is aero 
and consequently the stress on the column cross section is uniform. Midway between these 
points the maximum bending moment occurs, and the maximum unit stress in compression occurs 
on the concave side. Therefore in a distance equal to one-half the length between the points of 
contra-flexure, the unit stress in the concave side of the column must change from the average 
to the maximum allowed. 

Suppose a column to be made up of two leaves connected by lacing. 


As before, / 
P 

Let F 
s 
I 

L 

Ai 

Then 


the maximum allowed fiber stress, 
the average unit stress. 

the total change in stress in one leaf of the column in a distance 1. 

F 

the total change in stress in one leaf per unit of length = ^ • 

the least distance from a point of contra-flexure to a point of maximum bending 
moment. 

the total length of the column, 
the area of cross section of one leaf. 

F = Ai(S - p) and s = 


For a pivoted end column, L = 21, and for a fixed end column, L = 41. Any column in 
practice will lie somewhere between these two limits. This theory assumes that the rate of 
change of stress in the leaf is uniform, which is not true, but in any case eccentricities of manu¬ 
facture and loading may make 1 different than theory would indicate. Therefore, to be on the 
safe side, take L * 41 in all cases; then 


_ 4At(/ ~ V) 
*-L 


( 6 ) 


Formula (5) gives the longitudinal increment of stress in one leaf per unit of length of 
column, and sufficient connection must be provided between the leaves to transmit this stress. 

In either the first or second method, if the column is subject to an external bending moment 
in the plane of the lacing, this must be included in getting the value of (/ — p). In all cases the 
lace bars must be proportioned to carry the calculated stress in either tension or compression. 

The inclination of lace bars with the axis of the member should never be less than 46 deg., 
and their thickness should not be less than Ko of the distance between rivets for single lattice 
and for double lattice. 

The following minimum widths for lace bars are sanctioned by good practice. 


For members 16 in, and over in depth. 2}^ in. 

For members 9 to 12 in. in depth. in. 

For members 7 to 9 in. in depth. 2 in. 

For members under 7 in. in depth. IJi in. 


lUtwtrAtive Problem.—A column 14 ft. long is composed of four angles 3H X 3 X ft s laced, 12 in. back to back 
(see Fig. 97b). The straight line formula, p » 16,000 — 70*^, will be used. 


First Method: 


A » 7.76 sq. in. 

r 6.27 in. in the plane of the lacing. 
/ •> 16,000 lb. per sq. in. 
p • 13,770 lb. per sq. in. 

/ -p « 2230. 


Shear 


(4)(2230)(7.76)(6.27>* 

(liKiSoir 


10061b. 


^ From **Steel Struetures** by Ct.Tiw T. Monsji, p. 120. 
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If the lacing makee an angle of 45 deg. with the axis of the member, 

Stress in lace bar «« (1905}<1.414) « 2690 lb. 
Distance between gage lines in the angles «■ 12 - (2)(1^) •• 8.5 in. 
Distance between end rivets in lace bar « (8.5) (1.414) « 12 in. 

12 

Minimum thickness of lace bar ^ 0.3 in. 

Try lace bare 2 X Ht- -4 • 0.62 eq. in. r » 0.09 in. 

Allowed unit stress for lace bar « 16,000 — * 6670 lb. per sq. in. 

Required area «*■ « 0.40 sq. in. 


Second Method: 


(4) (3.88) (2230) 
(14)(12) 


206 lb. per lin. in. 


If the lacing makes an angle of 45 dog with the axis of the member, the length of the column which will be served 
by one lace bar will be 8.5 in. Longitudinal increment of stress m one leaf per lace bar ■* (8.5) (206) *■ 1750 lb. 


Stress in lace bar • 
Required area 


1 414 X 1750 « 2475 lb. 


2475 

6670 


— 0.37 sq. in. 


At the ends of latticed compression members, stay plates must be provided to equalize the 
distribution of stress to the end connections. These stay plates should be not loss in width than 
the width of the member, and preferably not less in length than 132 times the width, and not 
less in thickness than of the unsupported width. At the ends of large compression members 
(say over 24 in. in width) a diaphragm is desirable between the webs, with a length of about 
1 3^2 times the width of the member. 

805. Splices.—At all int,ermediatc joints in columns, splice plates should be 
provided connecting the two sections (see Fig. 268, p. 317). If the ends of the sections are 
not faced so as to secure a good bearing of one section on the other, sufiBcient splicing material 
and rivets must be provided to take the entire 
stress at the point. If the joint is properly 
faced and a good bearing is ensured, only 
sufficient splice need be provided to take care 
of the bending moment at the point and to 
hold the parts in position. In case of a con¬ 
centrically loaded column, the moment due 
to column action used in the derivation of 
Formula (4) should be provided for. If 
there is an external bending moment due to 
eccentric loads or to transverse forces, it 
should be added to the moment due to 
column action. 

80c. Caps and Bases.—The 
use of column caps should be avoided. If 
columns composed of rolled shapes are used, such as are shown in Fig. 97, the beams or trusses 
connecting to them should generally be riveted to the webs or flanges with connection angles, 
and not be set on top of a cap plate. At intermediate floors the column shaft should never be 
interrupted, but the lower story column section should be ruh through the floor and be spliced 
to the upper section just above the floor line. In columns of one-story length, column caps 
may be used provided the beams or trusses resting on them are properly stayed. 

It is necessary to put a base on a column large enough to distribute the loads to the masonry 
footings so that the allowed unit bearing stress will not be exceeded. This may be built up entirely 
of rolled plates and shapes (Fig. 98a) or a cast-iron, a cast-steel, or a rolled-steel slab subbase 
may be interposed between the column base proper and the masonry (see Fig. 985). In case a 
cast-iron subbase is used, the anchor bolts should run through it and connect directly to the 
column base proper. Gusset plates connecting the base to the column shaft should be large 
enough to «l>^bute properly their proportion of the stress to the base. 
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W* Comliiiied Steel ead Concrete C<daiimei*-*lxi reinforoed concrete buildings it is $otae^ 
times desirable to reduce the else of the columns below that which would be required for a 
reinforeed concrete column of the usual type. This may be done by using a steel column filled 
in and cased in concrete. 

Tests made by Professors Talbot and Lord at the University of Illinois, and published in 
the University of Illinois Bulletin No. 66, show that the strength of the combined column may 
be calculated on the assumption that the steel column and the concrete core inside the steel 
act independently. 

The Gray column (Fig. 97s) or some form of latticed angle column (Pig. 97t) is best adapted 
to this style of reinforcement. The steel column should be designed and detailed in all respects 
similar to a steel column without concrete casing. The concrete core enclosed within lines 
joining the toes of the angles may be figured as a concrete column reinforced with vertical steel 
only. The steel column should be enclosed with light hooping to prevent the concrete casing 
from cleaving loose from the smooth faces of the steel. 


• CONCRETE COLUMNS^ 

By Arthur R. Lord 

gfi. General.—A wide diversity in design standards for reinforced concrete columns exists 
through the country. Most city building codes give formulas based on individual interpreta¬ 
tions of the data of tests in which the load was applied within a brief space of time. The tests 
of McMillan and LaGaard* and the design formulas based on these tests, which evaluate the 
well-known elements of initial shrinkage and of time yield, were given added importance by their 
adoption by the national Joint Committee, as tentative standards by the Amencan Concrete 
Institute and by the Building Code Committee of the Department of Commerce, This design 
standard is coming into use increasingly, although the older standards still remain in the slowly 
changing building codes, which largely govern practice. Both types of formula will be treated 
here. 

S3. Column Types.—Columns made of concrete or modified by the presence of concrete 
are of five types: 

1. Plain concrete columns or piers. 

2. Concrete columns reinforced by vertical bars stayed laterally by hoops or ties at con¬ 
siderable intervals. 

3. Concrete columns reinforced by vertical bars placed within closely spaced wire spirals. 

4. Concrete columns as in 3 but with an additional reinforcement consisting of a cast-iron 
core along the longitudinal axis where bending stresses are low. 

6. Structural steel columns, incased in concrete laterally restrained by the steel or by an 
auxiliary spiral reinforcement. 

These five types are commonly designated (1) plain, (2) tied, (3) spiral, (4) Emperger, and 
(6) steel-core columns. The fourth is patented. 

64* Nomenclature.—The symbols used in the column design formulas and discussion are 

P » total safe axial load on column whose h/E is less than 40. 

P' » total safe axial load on* column of greater slenderness. 

A » area of concrete core within the fireproofing or spiral. 

A/ » net area of core concrete after deduetmg longitudinal reinforcing, 
effective cross sectional area of longitudinal reinforcing. 

p » ratio of area^f longitudinal steel to core arei^. 

n ratio of area of cylinder equivalent to spiral reinforcing to core area. 

/« permissible compressive stress in core concrete. 

// ultimate compressive strength of core conerete. 
k \mmtpported eolinnn height. 

> Set slso AspesUiiiei I anS K. 

2 prcMS. Ap. CesMta Inat, Vol X VII. p. 150, lOSl. 
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m racMus oC gyration of transformed core section or of metal core as indicated W 
formula in which used. 

Pf m total safe axial load on metal core. 

Af « effective cross sectional area of metal core. 



(a) (6) (p) (d) 

Fio. 90 .—Anrnngemaiit of tiai In (Kianre and reetoogular oolumns. 


Tied 


Diaobam 1 
Column Design by 
Specification B 

\^fue3 p 
JOf _ ^ 


Four 


86. Plain Concrete Piers.—The height of this type of column is commonly limited to from 
3 to 6 times its least cross sectional dimensioii. The Joint Committee and A. C. L regulations 
set the lower value. The compressive stress is gen¬ 
erally stated as 0.25 jc or 600 lb. per sq. in. for 
2000-lb. concrete. 

86. Tied Concrete Columns.—^These columns 
are commonly square or rectangular in section, less 
often round. The Joint Committee report permits 
the entire area of the column to be used in load 
carrying, but good practice commonly limits the 
load-bearing area to a core surrounded by from 1 to 
2 in. of concrete considered only as fireproofing. The 
spacing of the H-in. round ties, which must be 
arranged so as to support each vertical bar in at 
least two directions, as shown in Fig. 99, is commonly 
made not over 12 times the diameter of the vertical 
bars. The Joint Committee limits this spacing to 8 
m. maximum. The cross sectional area of vertical 
bars shall be not less than or more than 3% of 
the core area. 

The usual design formula to determine the safe 
axial load is 

P » (A/ -f A,n) 0.2Qf/ 

87. Spiral Columns. Joint Committee and A. C, 

/. Standards .—The Joint Committee and A. C. I. 
reports provide that the safe axial load shall not be 
greater than that determined by the formula 

P « All + (n - Dp] 1300 4- (0.10 -f 4p)//l 

in columns in which the unsupported length divided 
by the radius of gyration does not exceed 40. The 
radius of gyration is computed from the transformed 
section, in which the vertical steel area is multiplied 
by n. From Diagram 2 the value of R for circular 
cores with vertical reinforcing, not in excess of 8%, 
may be direct in terms of d, the core diameter, pro¬ 
vided the vertical steel is arranged as a single circle 
of bam wired to the spiral. The percentage of spu^ 



p 


minfotreement is tni vk* not lass than one-fourth of the percentage of vertical steel. The spi^ 
spsctng m$ly not exceed one-sixth of the core diameter or in any case 3 in. Three spao«»^« 
ammqfuiiod. 
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rhe vertical bars shall consist of at least six ^-in. round bars. The cross sectional area 
of the vertical bars shall be not less than 1% and not more than 6% of the core area. 

Chicago Standard .—This is the most widely used of the city code standards. The safe axial 
load shall not exceed that determined from the formula 

P = 0.25i4/c'(l -f 2.5np')[l + (n - l)p] 

in columns in which the unsupported length divided by the least diameter does not exceed 12. 
The equivalent area of spiral hooping shall be not less than 0.5% or more than 1.5% of the 
core area. The pitch of the spiral shall not exceed one-tenth of the least column diameter nor 
3 in. in any case. The cross sectional area of vertical reinforcement shall be not less than 
that of the spiral hooping and shall not exceed 8% of the core area. 


Diagram 2 

Ratio of Radius of Gyration, P, of Reinforced Column Core to Core Diameter d. 

Note. —Based on approximation that effective diameter of ring of bars will be 0.9 of core 
diameter. This will not apply if bars are arranged in two rings, and the value of the radius 
of gyration should be computed for this case and also for very small or very large columns. 



SB. Economy. —In general, the greatest economy will result in using (1) more concrete and 
less longitudinal reinforcing steel and (2) stronger concrete. The maximum economy will 
therefore result in using concrete of the gpreatest strength in combination with the minimum 
percentages of vertical reinforcement. Comparing the Joint Committee and Chicago types 
of column formulas, the Chicago type is somewhat more economical for low values of P/A 
while the Joint Committee type is more economical for high values of P/A . The cost of the various 
t 3 rpe 8 as worked out in the designing problems is given later. It should be borne in mind that 
l^e use of low percentages of longitudinal steel (where economy is greatest) with the Chicago 
type of formula involves very high final stresses in that steel due to initial shrinkage and long¬ 
time fiow of the concrete. It is this fact, that economy leads to the poorest design with the 
Chicago type of formula, which has led many engineers to adopt the Joint Committee type of 
formula wherever possible. 

89. lUdnforceinent Details.—It is obvious that longitudinal bars which have been bent 
accidentally before placing and are not true will throw tensile stresses into the concrete which 
will be especially serious in the tied type. Bar sizes should not be ma4e small, but a smaller 
number of laiger bars should be selected to lessen the danger of bent bars being placed in the 
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work. With the spiral column it is desirable, however, to have a network of fairly fine mesh^ 
composed of the spiral wires and the longitudinal bars, to provide the best restraint of the core 
concrete. A mesh of from 2 to 2in. is ideal, permitting the concrete to pass readily through 
the mesh during the placing operation and still offering complete lateral restraint after the con¬ 
crete is hard. Spirals should have an extra turn of wire at top and bottom and at any point 
where the wire is spliced. Unless this is provided, the spiral will bulge locally at these points 
and reduce the fire-protective cover to a dangerous degree. 

Diagram 3 

1924 Joint Committbb and 1927 American Concrete Institute Spiral Column Design 



90. Standard Bar Sizes.—Ten bar sizes have been standardized by the bar manufacturers 
following the lead of the Joint Committee. The tables and diagrams given here eliminate 
non-standard sizes, 

91. Long Columns.—The ratio of the safe axial load P' on columns exceeding the slender¬ 
ness permitted above, to the safe axial load P on columns within the limits, shall be taken as 

P' h 

This applies to all types of columns treated here, except that it does not apply to the load 
carried by metal cores. 

92. Column Sizes.—The least dimension of the cross-section of principal columns 
in a building must not be less than 12 in. Posts occurring in a single story, such as stair supports, 
may be 6 in. square as a minimum. 

93. Bendi^ in Columns.— Where loading conditions or relative rigidities of column and 
Boor oonstrueiJon require, the columns must be figured for a bending moment in addition to the 
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Diaoram 6 

Chicago Spiral Column Design'— 1:3 Concrete. 

Note.—S et straight edge on any two known quantities and read concurrent value of third quantity. 
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94e Bmperger Columns.—No design standards for this patented type of column will be 
given hete, since, as with most patented processes, the promoters are forced to adopt whatever 
regulation the different building departments will allow them, and a wide variation in design 
standards occurs. The total safe axial load on the column is made up of the safe load on the 
AprsiMind hy OardSer and Lindbevs* lodtiatirial EntinaerB. Chioago. Wallaoe Barter, StriialiRril ] 
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Diagram 7 

New York Spiral Column Design—/c = 500. 

Note.—S et straight edge on any two known quantities and read concurrent value of third 



Diagram 8 

New York Spiral Column Demon —fc = 600. 

—Set straight edge on any two known quantities and read concurrent value of third quantity 
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C. I. core plus an allowance for the spiral type of column which encases the core. The various 
city rulings for this type of column should be consulted. 

Special attention must be paid to adequate means for transferring the load from the floor 
to the metal core, from section to section of the core, vertically, and from the core to the founda¬ 
tion, when cast-iron or steel cores are used. 

9fl. Steel-core Columns.—Where the concrete is restrained by a spiral or by an equivalent 
restraint from the shape of the structural steel core itself, the safe axial load for this type of 
column is determined by the summation of the safe load on the net area of core within the spiral 
or core at a stress of 0.25/e' and of the safe load on the steel core determined by the formula 

Pr « ilr(18,000 - 70h/R) 

96. Alignment Charts for Column Design.—Means for simple and rapid design of reinforced 
concrete columns are afforded by the alignment charts of Diagrams 3 to 8 inclusive. In 
these charts a straight line, such as the edge of a triangle, connecting the values of any two of 
the three variables (as, for example, percentage of vertical steel, percentage of spiral steel, and 
safe axial unit load) will indicate the concurrent value of the third. Diagram 1 gives an 
ordinary graph of values of P/A for tied columns. 

97. Selecting Reinforcement.—The percentages of vertical and spiral reinforcement may 
he readUy transformed into number and size of bars or into size and spacing of spiral wire by 
using Tables 2, 3, 4, and 6. Column vertical bars are commonly extended into the story above 
to lap the verticals in that tier sufficiently to transfer the stress by bond. A lap of 30 bar 
diameters (but not less than 2 ft. 0 in.) is commonly used, although the proper amount will 
vary with the load in the story above. At the base of a stack of columns a severe condition 
occurs where the entire column load, which has been received in successive increments from the 


Tabi^ 1.—Core Areas, Perimeters, and Concrete Volumes for Columns 
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Table 3 



floorsi must all be transmitted at once to the pier, or footing. An example of the design of this 
transfer is worked out under the discussion of footings. The column spiral is commonly stopped 
off at the under side of the Boor slab. Where two beams at right angles have bottom steel 
extending inside the column spiral at a common level, the main spiral may be terminated just 
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Table 4 



under this level and a short spiral used above these rods to the underside of the floor slabi to 
save difficulty and expense in steel placing. 

98* Problem in Column Design.—Design a concrete column to carry safely an axial load 
of 400,000 lb. The unsupported length of the column is 12 ft. 0 in. and the concrete is of 280C 
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lb. per tq. in. ultimate strengtii. Complete the design for (a) a tied enlnmn; (b) a spiral arf a m a 
bjr the A. C. 11927 teotatare standard bnildiag code; (e) a spiral eohimn hy tito CShhkago eede; 
a eteel.ooK ocdomn. 
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(a) DBRion nf TUd Column: 

P m 400,000 

Add n,000(>) for weight of column 30 X 30 in., 28 X 28 in. core «» 784 sq. in. 


P 

A 


411,000 total load on column. 
411,000 ,, 

—« 525 lb. per eq. in. 


From Diagram 1, p M 0.005, At *• 0.005 X 784 <** 3.92 sq. in. 

r Four 7l*“in. rounde in cornera tied with K rounds at 8 in. o. o. 

\ Four rounds at sides tied with yi rounds at 8 in. o. c. 

While the effective core area is taken as 28 X 28 in., the steel should be set back 2 in. from the surface, making the 
larger ties 26 X 26 in. 

Concrete is cheaper than steel in carrying compression, and where the larger column sise is not objectioiiable, 
a design with the minimum (K %) produces economy. For a smaller tied column use the maximum (3 %) 
steel which gives a 27 X 27 in. column, reinforced by twelve lK*in. square bars held by triple sets of 7^-in. round ties 
at 8 in. o. c. as shown in the sketch (Fig. lOOA). 

Another and more economical way to decrease the column sise is to use stronger concrete than is called for in 
this problem. Increasing the concrete strength produces economy in all types of concrete columns. 
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Fia. lOOC.—Design (c). 



(6) A. C. /. and Joini Committoe DeRign of Spiral Column: 

P « 400,000 

Add 6,(KX)<>> for weight of column of 24-in. diameter 20-in. core 314 sq. in. 


406»000 


total load on column 
in. 


P 406,000 _ 

A ~ "lu" “ *'*• ^ “* 

From Diagram 3 the percentage of yertioal steel for 2dO(Mb. concrete and P/A • 1293 is read direct as 8.3 %. 
A$ • 0.033 X 314 • 10.35 sq. in. - nine «l- bars. 


^^Hds aasumption must be ehecked when the column sise is finally determined, and a revised calculation 

made tf neeeesaiT^ 
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The per oent of spiral is one-fourth that of vertical steel or 0.82 %, 

From Table 4, for 20-in. core and 0.0082, the required spiral is fotmd to be H in. rounds at 2H in* pitohO). 
(e) Chicago Design of Spiral Column: 

P - 400,000 

Add 6,000^0 for weight of column of 24-in. diameter 20-in. core 314 sq. in. 


P 

A 


406,000 total load on column. 

406,000 ,, 

—*“ 


From Diagram 5<*> the percentage of vertical steel for P/A 
age (IH %)t iB read direct at 4.4 %. 


A. - 0.044 X 314 - 13.8 sq. in. 


1203 and, using the most economical spiral percent- 
nine l>^-in. square bars. 


Prom Table 6, for 20-in. core and p' *» 0.015, the required spiral is found to be J^-in. round at 2^^-in. pitch<0. 
(d) Design of Column with Sled Core: 


P « 400,000 

Add 5,000<*) for weight of column 17 X 18 in., Core 11 X 12 in. »■ 132 sq. in. 


405,000 total load on column. 


Assume a structural steel core made up of an I-beam web and channel covers, so that no question may remain 
as to the adequate restraint of the core concrete. Assume that the steel-core area is 20 sq. in.(«> leaving 112 sq. 

2500 

in. of core concrete available to take stress. Stress on concrete is =» 625 lb. per sq. in. 

Load carried by concrete core 112 X 625 = 70,000 lb. 

Load carried by steel core 405,000 — 70,000 *= 335,000 lb. 

Try two 12 in [« 25 lb. \ . no at n 

> A * 22 07 sq. m.t^) r * 3.66 in.«) miiuinum. 
one 10 I 25.4 lb. J 

Allowable stress m steel - A « 18.000 ~ 70 « 15,240 lb. per sq. in.O> 


335,000 
" ‘ 16,'240 


22.0 sq. in. O. K. 


For this type of structural steel core a wrapping of wire mesh weighing not less than 0.2 lb. per sq. ft. should be 
used to reinforce the 3-in. fireproohng shell. For more open steel cores, which do not restrain the core concrete 
thoroughly, a M % spiral should be provided if the core concrete is considered as carrying load. 


Relative Coat —Assuming that 2600-lb. concrete costs 40 cts. per cu. ft. in place, reinforcing 
and structural steel each cost 4 cts. per lb. in place, and forms cost 15 cts. per sq. ft. for wood 
and $15 per column for metal moulds, the cost per lineal foot of column for these various types 
all designed to carry a 400,000-lb. axial load compares as follows: 


Tied column 30 X 30 in.$4.78 per foot 

Tied column 27 X 27 in.$7.07 per foot 

Joint Committee and A. C. I. spiral column of 24-in. diameter.$4.85 per foot 

Chicago spiral column of 24-in. diameter.$6.66 per foot 

Steel Core Column 17 X 18 in. $5.26 per foot 


The comparatively low cost of the steel-core column is due to the use of 2d00-lb. concrete 
throughout. Ordinarily, only 2000-lb. concrete is used for incasing steel cores, while 2900 lb. 
(or stronger) concrete is used for concrete columns carrying heavy loads. Many city building 
ordinances do not permit any load to be figured directly upon the core concrete in a steel- 
core column. This would increase the cost of the steel-core column to $6 per ft. in the above 
comparison. 

O>8ei«otioti of spiral musfc be made with code limitatioiM in mind. The A. C. I. and Joint Committee atand- 
arda permit the pitdi of the spiral to reach one-sixth of the core diameter where Chicago code limits to one-tenth 
of the column diameter. 

<OTbis asamnption must be checked when the column size is finally determined, and a revised calculation 
made if necessary. 

<*)This diagram is used since the problem states that 2500-lb. concrete is specified. A stronger concrete trould 
be more economical in all these solutions of tied and spiral columns. 
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BEAKING PLATES AND BASES FOR BEAMS, GIRDERS, AND COLUMNS 

By Clyde T. Mobris 

99. Allowable Bearing Pressures.—Where beams, girders, or columns rest on masonry 
walb or footings, the bearing area must be made sufficient so that the masonry will not be 
overstressed. The following table gives safe bearing values in pounds per square inch for 
different kinds of masonry: 


Firat-olass granite masonry. 

First-class concrete, 1-2-4 mix. 

First-class limestone masonry. 

First-class sandstone masonry. 

Concrete, 1-3-6 mix. 

Hard-burned brick work, cement mortar 
Common brick work, cement mortar 
Common brick work, lime mortar 


600 

600 

600 

400 

400 

300 

250 

125 



Pio. 102. 


100. Simple Bearing Plates.—For ordinary loads, suflScient bearing can usually be secured 
by placing a plate from to 1 in. thick under the end of the beam or girder, as shown inFig. 
102. In some instances, a rolled-steel slab of greater thickness may be used. The portion 
“a** of the plate which projects beyond the edge of the beam will deflect upward under the load 
so that the pressure on the masonry will decrease from the edge of the beam outward as shown 
by the shaded area. For steel plates with the usual mortar bearing, the distance beyond 
which there will be little of no pressure on the masonry, will not exceed 3 or 4 times the thickness 
of the plate. (This may be readily calculated from the deflection formula and the modulus 
of elasticity of the masonry.) Assuming a » 4^ as the effective projection, the maximum unit 
pressure on the masonry will be 

P “ (6 4- 

in which 

p = the maximum unit pressure. 

R = the maximum end reaction of the beam. 
b = the width of the flange of the beam. 
i = the thickness of the plate. 

I « the length of the bearing. 



CeJ (a) 


Fia. 103. 


If the width of the bearing plate is less than (5 + 8i), the denominator of equation (1) 
must be reduced accordingly. If the maximum allowable pressure on the masonry is not 
exceeded, the fiber stress in the steel plate will be well within allowable limits. 

If the length of bearing is restricted and a greater width than (6 + 8t) is necessary, 
stiffening brackets must be placed on the end of the girder, or a chst-iron subbase may be used. 
If the bearing plate is stiffened, as shown in Big. 103(6), or a cast base having stiffening webs is 
used, the pressure on the masonry may be assumed to be uniform over the entire bearing 
area. The stiffening brackets should have enough rivets to carry the entire load on the portions 
nff the bearing plate projecting beyond the edges of the flange. 
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Bearing plates for columns are calculated in an exactly similar manner and may be stif* 
fened as shown in Figs. 98 and 103. The thickness in equation (1) may be taken as the 
thickness of the base plate plus the thickness of the shoe angle. Bases for wooden columns 
are treated in Art. 68. 

101. Cast Bases.—If a cast base is used (Figs. 103a and 98a)» the weak section will be at 
the edge of the upper bearing plate of the casting, and the vertical webs and lower plate must be 
strong enough to carry the load on the projecting portions (see Fig. 103a). Tlie maximum 
extreme fiber stress on the cast iron should not exceed about 2500 to 3000 lb. per sq. in. in 
tension, or 10,000 to 12,000 lb. per sq. in. in compression. 

Ulttstratiye Problem.—Deeign a cast-iron base to support the end of a girder whose reaction is 120,000 lb. and 
the length of the bearing '*1" is limited to 12 in. Assume the bearing to be on a concrete wall having an allowable 
bearing value of 400 lb. per sq. in. 

j u • 120.000 _ 

Required bearing area » —“ 300 sq. in. 

4UU 

300 

Required width of casting « «« 25 in. 


If 5 13 in., a *■ 6 in., and tho load on the portion will be, 

(12) (6) (400) - 28,8001b. 

The moment at the edge of the upper bearing plate of the casting will be 

Af - (28.800K3) - 86,400 in.-lb. 


The section at this point is shown in Fig. 103(o). 

Assuming the metal to be ^ in. thick, the required depth “d” may be found by trial as follows. 
Try d *• 4?i in., then J •« 17 36. c 1.08 in. to bottom (tens, side) 

c •• 2.92 in. to top (comp. side). 


Me (86,400) (1.08) 

f * 17.36 

(86.400)(2 92) 
17.36 


5370 lb. per sq. in., tension 
14,530 lb. per sq. in , compression. 


As these unit stresses are excessive, either the metal must be made thicker or the depth “ d” greater. 
Try d 6^ in., then I — 56.30. e •» 1.775 in. to bottom (tens, side) 

c *■ 4.225 in. to top (comp, side) 


/- 


Me 

7 


(86.400) (1.775) • 

1. . » - — 2720 lb. per sq in., tension 

OO.OU 

(86.400) (4.226) 

^“ 6480 lb. per sq. in., compression. 

OO.oU 


These fiber stresses are within safe limits, so the depth of the casting may be made 6^ in. 

102. Expansion Bearings.—For steel girders and 
trusses over 30 ft. in length, provision must be made 
for expansion and contraction due to changes in tem¬ 
perature. For spans less than 30 ft. there will usually 
be sufficient play in the anchorages to allow for the 
movement. 

For spans between 30 to 100 ft., provision for ex¬ 
pansion should be made by providing ’ two bearing 
plates at one end of the girder, as shown in Fig. 108 (&)| 
one riveted to the girder and the other one anchored to 
the masonry. The anchor bolt holes in the upper plate which is riveted to the girder should 
be slotted to provide for the necessary movement due to temperature changes. The extreme 
movement will be about 1 in. for each 80 ft. of span. If the hearing area exceeds about 120 
aq. in., the sliding surfaces should be planed. 

For spans exceeding 100 ft., nests of turned rollers should be placed between the bearing 
^ates at the movable end of the span. These roller bearings should be so arranged that they 
can be readily cleaned and so that they will not collect dirt md moisture. The bearing pressiire 
On the Tofiers should not exceed 600D per lin. in. d roller, where D «« diameter of roller in inches. 
FJg. 104 shows a design for a roller bearing. 

IM. Binged B(d8ters.-^For spans exceeding 100 ft., hinged bokteis riiouM be provided 
at each end. These bolsters may be either east or built up of plates and shapes. 



Fig. 104. 
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The pin should be turned and the pin hole bored to a diameter not more than 
greater than the diameter of the pin. Ibe bearing area on the pin (diam. of pin X thickness^ 
of bearing) should be sufficient so that the unit pressure does not exceed 24,000 lb* per sq« 
and the maximum fiber stress on the pin due to bending should not exceed 24,000 Ib. per sq. in. 
The unit shearing stress should not exceed 10,000 lb. per sq. in. Fig. 104 shows such a 
hinged bolster, 

104. Anchors.—^The ends of beams and girders 
should be anchored to their support with bolts securely 
fastened into the masonry. Anchor bolts for columns 
should be designed to resist 1}4 times the bending 
moment at the base of the column and should engage a 
sufficent weight of masonry to withstand this moment 
and also 1^ times the calculated uplift (if any) on the 
column due to wind. Such an anchorage is shown in 
Fig. 106. 

For simple I-beams built into walls, the anchor 
bolts are frequently put through the web of the beam, or small angles are riveted to the end of 
the web to provide the necessary anchorage. Fig. 105 shows several forms of anchor bolts. 
The position of anchor bolts is also shown in Figs. 08, 102, 103, and 104. 



TENSION MEMBERS 
Bt Clyde T. Morris 


105. Rods and Bars.—The simplest form of tension member is the round or square rod 
with threads and nuts on the ends. Fig. 106 shows details of the end connections of several 
such members. 

In designing such a member the required area is obtained by dividing the total stress by 
the allowable unit stress. The least area of cross section of the member must be equal to or 
exceed this required area. 


f^atnbarptrwaehd 


i4mfbar 








LI 

LJ 


^ hangfln^ batory 


Fxo. loe. 







aCDCo) 




Fio. 107. 


The least sectional area of a plain round rod with threads cut on the ends will be at 
the root of the threads. If the rod is long, the ends should be upset, that is, increased in diame¬ 
ter, so that tiie area at the root of the threads will be greater than the area of the body of the bar; 
but If the member is short, the cost of upsetting may be greater than the saving in material, in 
which case the bar may be made of sufficient sise for the entire length to allow for Ihe cutting 
of the threads. 

Tables of standard upsets ^d areas at the root of threads are given in the steel handbooks 
(ae« abo IM, p. 238). 

loopo for oonnection to pinB are made by bending tbe rod around a pin of the required 
diamotor and iNlding tbe end to tbe main bar. Fodted hmpe are also eometimes used The 
fo^iod loop b welded to the main bar and should have a toUd croes aecti<m through the eye *t 
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least 50% in excess of that of the main bar. The forked loop is not so reliable as a plain 
loop because it depends entirely upon the weld for its connection. Tables of standard loop 
bars are given in the handbooks of the various steel companies. 

Pig. 107 shows various end connections for tension members composed of rods and bars. 

106. Riveted Tension Members.—In riveted structures the tension members are usually 
made of rolled shapes built into forms which have considerable stiffness. Although theoretically 
there may be no compressive or bending stresses in these members, the structure will be stiffened 
and vibrations considerably reduced if the tension members are made of a form capable of 
resisting compression. 

Fig. 108 shows cross sections of various forms of riveted tension members. The cost of 
fabrication of these types will vary roughly with the number of lines of holes that have to be 
punched and the number of lines of rivets that have to be driven. 



Fig, 108. Fig. 109. 


^ngle angles are sometimes used for tension members of light riveted trusses, but this 
practice is not good as it forms an unsymmetrical member and eccentric end connections are 
unavoidable. 

Unless absolutely necessary, unsymmetrical cross sections should not be used. When 
unsjrmmctrical sections are used, the eccentric moments should be calculated and the resultant 
unit stresses, figured as shown in Scot. 1, Art. 101, should not exceed the allowable units specified. 

It is impossible to so design a riveted tension member that the entire cross section of the 
body of the member is available for tension area, on account of the necessity of punching holes 
for the rivets. This of course reduces the effective net area. This may be illustrated by the 
solution of a problem. 

tUostratiye Problem.—^Pig. 109 shows a splice in a plate carrying tension, so designed that a maximum of the 
gross section of the plate is available for net tension area. Assume the following data: 

Allowed tension unit stress. ... 10,000 lb, per sq. in. 

Allowed shear on rivets. 12,000 lb. per sq. in. 

Allowed bearing on rivets. . 24,000 lb. per sq. in. 

Total stress to be carried. 64,000 lb. 


number of rivets required will in this case be determined by the bearing value of a rivet on the 12 X fi-in. 



64,000 

plate. This is 6750 lb. The total number of rivets required *■ fO* 

The required net area of the 12 X ^"in. plate at the first line of rivets <AA), is 
64 000 

ielibO ** available net area on line AA is (12) (H) — Oi + 

4.17 sq. in. (The diameter of the hole is assumed to be in. 
larger than the rivet.) 

At the second line of rivets (BF), the stress in the main plate has been re¬ 
duced by the portion carried by the first rivet, therefore the stress to be carried 
is only Ho (64,000) »> 57,600 lb. The required net area of the 12 X plate 

on the line BB - * 3.60 sq. In. The available net area «• (12)(H) 

+X)(H) -’8,84 sq. in. 


Fio. 110. 


In lilco manner the available net section at each line of rivets will be found 


to be in excess of that required. 

The aptioe plates must be made thick enough so that the net section on the last line of rivets J>Kf is sufficient 
to oarry the entire stress (- 4.12 sq. in.). The net width of the splice plates at this point is 12 — (4)(H) - 6*5 in. 

4 12 

Thecefore tho tequlred thioknest of the two splice plates is ^ - 0.49 in. Use two splice plates 12 X 34* Total 
ftrfiffiriwiil *** in* 
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The distance between the suooessive rows of rivets must be sufficient so that the net section on a siit-satf UlM>» 
such as DBFOHIJKt is greater than the square section KD, 

In members composed of shapes the net section is figured by considering the shape to be 
straightened out like a plate and calculating the net areas on the various possible rupture sections 
to find the least net area. Fig. 110 shows two angles so developed and the possible rupture 
sections. 

In designing the end connections of riveted tension members the rivets should be so aiv 
ranged that the maximum possible net section is available at the beginning of the connection 
where the stress is carried entirely by the main section. This was illustrated in the design of the 
splice in Fig. 109. 

A riveted tension member in a horizontal or inclined position should have sufficient stiffness 
to prevent sagging between connections. The unit stresses in such a member caused by bend¬ 
ing due to its own weight, arc calculated in Sect. 1, Art. 101. 

When a tension member is composed of two or more parallel 
elements as shown in Fig. Ill, these should be connected 
together throughout their length to form a unit, similar to a 
compression member. The distance between such successive 
stays should not be great enough so that the ratio of unsup¬ 
ported length to least width of the individual parts is as great 
as that of the member as a whole. 

107. Wooden Tension Members.—Wooden tension 
members are not extensively used except for the bottom chords 
of wooden trusses. On account of the low shearing resistance 
of wood along the grain, the greatest difficulty is encountered 
in transmitting the stresses from the other truss members to the bottom chord near its end, 
and in splicing the chord where the span is too great to make it possible to get the timbers in 
full lengths. 

These bottom chords are frequently made up of several leaves from 2 to 6 in. thick and 8 
to 14 in. deep. Due to the necessity of notching into the timbers to obtain bearing for the ends 
of other members and for splice plates, and to the large number of holes necessary for bolting 
the pieces together, the effective net section cannot be a very large proportion of the gross area 
of cross section. 

For design of tension splices, see Art. 119. 

SPLICES AND CONNECTIONS—WOODEN MEMBERS 

By Henry D. Dbwell 

108. Nails .—Wire nails are usually of steel, of circular cross section without taper, and 
with a head and point. In size they are designated as 8-D (8 penny), 10-D (10 penny), etc., 
and, in class, as common, finishing, casing, barbed roofing, shingle, fine, cement coated, etc. 

Cut nails are of steel or iron, with a rectangular cross section, and taper from head to point, 
the latter being cut square, i.e., not pointed. The sizes are designated as for wire nails. 

Spikes designate the larger sizes of nails. 

The sizes of nails and spikes are given in Tables 1 to 9 inclusive. For quantity of nails 
required in timber construction, see Table 10. 

Boat spikes are employed in heavy timber construction. They are made from square bars 
of steel or wrought iron, have a forged head and a wedge-shaped point. The common sizes 
and weights are given in Table^^ll. 

109. Screws.—Screws may be classified as (1) common wood screws^ and (2) or coach 

oerem. 

Wood screws have slotted heads; the shank is smooth for a portion of its 1^^^ adjacent 
to the head, the remainder of the leni^h being threaded, and tapering to a point. Wood eeiews 



Batfm m-shtyp/crias 
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are usually of steal, but are made also of bronse and brass. The ordinary wood screw has a 
flat head, but screws are also made with round heads. Wood screws are designated by gage 
and length. Given the gage number, the diameter of the smooth shank may be found from the 
formula 

d « 0.0678 + 0.013160 

where d « diameter in inches, and G = gage number of screw. Table 12 gives the length and 
gage numbers of wood screws, flat head, bright steel. 

Loff screws are of heavier stock than the common wood screws and have a square head with¬ 
out slot. Table 13 gives the sizes, lengths, and weights of lag screws. 

110. Bolts.—Bolts, in timber construction, may be divided mto two classes, (1) common, 
ordinary, or machine bolts, and (2) drift bolts. 

Machine bolts are of steel or wrought iron, of circular cross section without taper, having a 
square head upset on one end, and the other end threaded to receive a nut. The length of a 
bolt is the length from underside or inside of head to end of thread. Nuts are usually square 
unless otherwise ordered, but hexagonal nuts may be obtained where desired. Table 14 gives 
the weights of 100 machine bolts with square heads and nuts. Table 15a gives the values in 
tension of bolts at various stresses, based on the areas of the bolts at the root of thread. Table 
156 gives the strength of round rods with upset ends. 

111. Lateral Resistance of Nails, Screws and Bolts.—When spikes, screws and bolts are 
subjected to lateral forces in a timber joint, shearing and bending stresses arc produced in the 
spikes, screws, or bolts, and the timber in contact with the metal is subjected to pressure. In 
timber construction, joints of this nature are of common occurrence, and it is necessary to have 
safe working values for such details. The factors entering into a theoretical consideration of 
the stresses produced in such a joint are many and complex, and in the determination of safe 
working values, recourse must be had to the results of tests. 

In the case of nails and screws a theoretical analysis of the stresses is not practical. 
Tests^ have established fairly definitely the ultimate strength and elastic limits of such joints. 


Tablb 1.—Wire Nails—Common 


Sise 

Length 

(inches) 

Cage 

(number) 

Diameter 

(inches) 

Approximate 
number to pound 

2d 

1 

16 

0 072 

876 

3d 

IK 

14 

0 083 

568 

4d 

IH 

12H 

0 102 

816 

6d 

IH 

X2H 

0 102 

271 

6d 

2 

JIM 

0 115 

181 

7d 



0 115 

161 

8d 


tOM 

0 124 

106 


3 

9 

0 148 

69 


m 

9 

0 148 

63 


3H 

8 

0.165 

49 


4 

6 

0 203 

81 


4H 

6 

0 220 

24 


6 

4 

0.238 

18 


5H 

3 

1 0.259 

14 


6 

2 

0 264 

j 

11 


^ Twitt for nails; Walker and Cross, Jour. Assn. Eng. Soo., vot. 19, Deo. 1697; Darrow and Btt6lwui«a,JP!r«e. 
Ind. Eng. Boe., 1990; Morgan and Marish, Eng. Exp. Bta.» Iowa State Odilege, But. No. 2; tMe made lot Bmoaii 
of Bidkhnge, Forfiand, Ore , Bng. N«u>s»Eec., vol. 79, No. 19, Nov. 8 , 1917, also vol 79, No. 26, Deo. 37,19li7;i^ 
Timbsrumn."* Portland, Ora., voL 18, No. 12, Got., 1917; **Tests Mad« to Detennine LaWal si 

Whn mkr Hioaum R C. Wiliott, Eng. News-ilss., M 76, No. 6, 14, 1917^ 6gooby»i MifloT 

INWfVi Fmfnf.** 
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Table 2.—^Wibe Nails—F nnsHma 


SiM 

Length 

(inches) 

' Otge 

(number) 

r 

ApptoidSMitm 
number to pound 

2d 

1 

mi 

1361 

3d 

IH 

mi 

S07 

4d 

IH 

15 

534 

5d 

IH 

15 

500 

6d 

2 

13H 

300 

7d 

2K 

13 

238 

8d 

23^ 

12H 

189 

lOd 

3 

IIH 

121 

12d 


llH 

113 

16d 

3H 

11 

90 

20d 

4 

10 

62 


Table 3.—Wike Nails—Casing 


Sise 

Length 

(inches) 

Gage 

(number) 

Approximate 
number to pound 

2d 

1 

mi 

1010 

3d 

IH 

mi 

635 

4d 

IH 

14 

473 

5d 

IH 

14 

407 

6d 

2 

mi 

236 

7d 

2H 

12H 

210 

8d 1 

2H 1 

llH 

145 

lOd 

3 

lOH 

94 

12d 

m 

lOH 

87 

16d 

3H 

10 

71 

20d 

4 

9 

52 

30d 

4H 

9 

46 

40d 

1 5 

1 _ 

8 

1 _: 

35 


Table 4.—Wibb Nails—Fine 



Length 

Gage 

Approximate 


(inches) 

(number) 

number to pound 

9d 

1 

16H 

1351 

3d 

IH 

15 

778 


Table 6.—^Wire Nails—Shingle 


Slae 

, ... . .. 

Length 

Gage 

Approximate 

- (inches) 

(number) 

numto to pound 

1 




sd 

4d 


XM 


m 

274 
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Table 6.—Wire Nails—^Barbed Roofing 


Leinicth 

Gage 

Approximate 

(inohes) 

(number) 

number to pound 

H 

12 

548 

H 

12 

469 

H 

13 

613 

H 

14 

811 

1 

12 

411 

1 

13 

536 

1 

14 

710 

2 

9 

103 

_1 


Table 7.—Wire Nails—Felt Roofing (Galvanized) 


Length 

Gage 

Diameter of 

Approximate 

(inches) 

(number) 

head (inches) 

number to pound 

14 

12 

. H 

215 

1 

12 


198 


Table 8.—Wire Spikes 


Length 

Diameter 

Approximate 

(inches) 

number to pound 

6 

1 gage 

8 

7 

He in. 

7 

8 

H in. 

6 

9 

H in. 

5 

10 

H in. 

4 

12 

H in. 

3 


Table 9.—Cut Nails 


Sise 

Length (inches) 

Sise 

Length (inches) 

3d 

IH 

12d 

3H 

4d 

IH 

16d 


5d 

IH 

20d 

4 

6d 

2 

30d 

4H 

7d 

2H 

40d 

6 

8d 

2H 

50d 

w 

lOd 

3 

eod 

i 
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Tashe 10.—Qtjantmt op Nails Rbquibbd poe Timbbe Consteuction 





Nails in pounds for various spacing ] 





of joists and studding 




Sise 









nail 










12 

16 

20 

36 

48 

60 




in. 

in. 

in. 

in. 

in. 

in. 

1000 M.B.M. 

.. Joists, frame building. 

20d 

20 

16 

14 





Joists, brick building.... 

20d 

12 

10 

8 




1000 pcs. 

.. Bridging, 1X4. 

8d 



35 





Bridging, 2X4. 

lOd 



60 




1000 M.B.M. 

.. Studding. 

20d 

15 

12 






Studding. 

lOd 

5 

4 






Sheathing, 1X8. 

8d 

26 

20 

17 





Flooring, 1 X 4... . 

8d 

26 

22 






Flooring, 1X4. 

lOd 

40 

32 






Flooring, 1X6. 

8d 

17 

13 

11 





Flooring, 1X6. 

lOd 

26 

20 

17 





Planking, 3 X 6, 2 nailings... 

60d 




51 

40 

34 


Planking, 3 X 8. 2 nailings .. . 

60d 




39 

30 

26 


Planking, 3 X 10, 2 nailings. 

1 ^ 




31 

24 

20 


Planking. 3 X 12, 3 nailings . . 

60d 




39 

30 

26 


Planking, 2 X 6, 2 nailings . 

20d 


61 

42 

27 

21 

18 


Planking, 2 X 10, 2 nailings 

20d 


30 

25 

16 

13 

11 


Finishing. 

8d 


20 





100 lin, ft. 

... Base. 

8 X 6d 


1 





1. 

.. Door. 

8 X 6d 


H 





1 

. Window. 

8 X 6d 


H 






Table 11.—^Boat Spikes—(Weouoht Ieon) 


Sise 

Average niimbet 
1001b. 

Sise 

Average number 
in 100 lb. 

eo 

X 

1500 

H X 7 

325 

3H 

1350 

8 

300 

4 

1187 

9 

263 

4H 

1110 

10 

238 

5 

1025 

K« X 6 

300 

6H 

975 

7 

295 

6 

913 

8 

255 

X 4 

680 • 

9 

200 

4H 

650 

10 

180 

5 

615 

H X 6 

225 

5H 

605 

7 

188 

6 

588 

8 

168 

H X5 

470 

9 

150 

6 

• 400 

10 

138 


' - 

12 

120 
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Tabu) 12.—^Wood Screws 

(Flat Head, Bright Steel) 


Length 

(inches) 








Gage numbers 








0 

1 

2 

3 

4 












H 

*0 

1 

2 

3 

4 

5 

6 

7 

8 

9 







H 

n 

2 

3 

4 

5 

6 

7 

8 

9 

10 

*11 

♦12 





H 

•1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 





H 

♦2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

•13 

14 

•15 

•16 


H 

•2 

•3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

•13 

14 

•15 

•16 


1 

•3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

•17 

•18 

IK 

*4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

•17 

•18 

•20 

IH 

•6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

•22 

IK 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

•22 

•24 

2 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

•17 

18 

20 

•22 

•24 

2K 

6 

7 

1 ^ 

9 

10 

11 

12 

13 

14 

•15 

16 

•17 

18 

•20 

•22 

•24 

m 

8 

9 

I 10 

11 

12 

13 

14 

•15 

16 

•17 

18 

20 

22 

24 



•2K 

•10 

•11 

•12 

•13 

•14 

•15 

•16 

•17 

•18 

•20 

•22 

•24 





3 

•10 

11 

12 

•13 

14 

15 

16 

•17 

18 

20 

22 

•24 

•26 

1 



3H 

•10 

•11 

•12 

•13 

14 

•15 

16 

*17 

18 

20 

*22 

24 

•20 




4 

12 

14 

16 

18 

20 

22 

24 

•26 





1 




4K 

•16 

•18 

20 

22 

24 

26 





1 






5 

•18 

20 

•22 

•24 

•26 

•28 





1 






•« 

•20 

•22 

•24 

•26 

•28 

•30 





1 

_j 







1 Sises not usually carried in stock 


Tabus 13.— Lag Scbbws 

(Qimlet Point. Square Head) 
























Sm. a-Ul} STRUCTURAL MEMBERS A.ND CONNECTIONS 3^ 


Table 14. —Machine Bolts' 



Diameter (inches) 

H 

Me 

M 

Me 


M 

M 


1 

Length 

(Inches) 




Threads per inch 





20 

18 

16 

14 

13 

11 

10 

9 

8 


Weight in pounds of 100 bolts with square heads and nuts 


2.4 

4.4 

6.9 

10.4 






1 

2.8 

4.0 

7.6 

11 5 

16.3 





IH 

3.1 

5.5 

8.4 

12.5 

17.7 

31.7 

52.2 



IH 

3.4 

6.0 

0.2 

13.6 

19.1 

33.8 

'55.3 

83.4 


2 

4.1 

7.1 

10.8 

15.7 

21.8 

38.1 

61.6 

91.8 

120.0 

2H 

4.8 

8.2 

12.3 

17.8 

24.6 

42.4 

67.7 

99.7 

140.1 

3 

5.5 

9.2 

13.8 

19.9 

27.4 

46.7 

73.9 

108.1 

151.1 

3H 

6.2 

10.3 

15.3 

21.8 

29.8 

51.0 

80.1 

116.6 

162.2 

4 

6.0 

11.4 

16.9 

24.0 

32.6 

55.4 

86.3 

125.0 

173.2 

4H 

7 6 

12.4 

18.4 

26.1 

35.4 

59.3 

92.1 

132.9 

182.7 

5 

8.2 

13.5 

19.9 

28.2 

38.1 

63.6 

98.3 

141.3 

193.7 

5H 

8.9 

14.6 

21.5 

30.3 

40.9 

67.9 

104.5 

149.8 

204.8 

6 

9.6 

15.6 

23.0 

32.4 

43.7 

72.3 

110.7 

158.2 

215.8 

6H 

10.3 

16.7 

24.6 

34.5 

46.4 

76.6 

116.9 

166.7 

226.9 

7 

11,0 

17.8 

26.1 

36.6 

49.2 

80.9 

123.1 

176.1 

237.9 

7H 

11.7 

18.9 

27.7 

38.8 

51.9 

85.2 

129.4 

183.6 

248.9 

8 

12.4 

20.0 

29.2 

40.9 

54.7 

89.5 

135.6 

192.0 

260.0 

9 

13.7 

22.1 

32.4 

44.0 

60.0 

97.8 

147.6 

208.8 

281.3 

10 

15.1 

24.3 

35.5 

40.1 

65.5 

106.4 

160.0 

225.2 

303.3 

11 

16.5 

26.4 

38.6 

53.4 

71,0 

115.1 

172.4 

242.2 

325.5 

12 

17.9 

28.6 

41,7 

67.6 

76.5 

123.7 

184.8 

259.1 

347.6 

13 

10.3 

30.7 

44.8 

61.8 

82.0 

132.0 

197.2 

276.0 

369.6 

14 

20.6 

32.9 

47.9 

66.0 

87.6 

140 6 

209.7 

292.9 

391.7 

15 

22.0 

35.1 

51.0 

70.3 

93.1 

149.2 

222.1 

309.8 

413.8 

16 

23.4 

37.2 

54.1 

74.5 

98.6 

167.9 

234.5 

326.7 

435.0 

17 

24.8 

30.4 

57.2 

78.7 

104.1 

166.5 

246.9 

343.6 

458.0 

18 

26.2 

41.5 

60.3 

82.0 

109.7 

175.1 

259.4 

360.5 

480.1 

10 

27.5 

43.7 

63.4 

87.2 

116.2 

183.7 

271.8 

377.5 

502.2 

20 

28.9 

45.8 

66.5 

01.4 

120.7 

192.4 

284.2 

394.4 

524.3 

21 

30.3 

48.0 

69.6 1 

05.6 

126.2 

201.0 

296.6 

411.3 

546.4 

22 

31.7 

50.2 

72.7 

00.9 

131.7 

200.6 

309.1 

428.2 

568.4 

2S 

83.1 

52.3 

75.8 

104.1 

137.3 

218.3 

321.5 

445.1 

590.5 

24 

34.4 

54.6 

78.9 

108.3 

142.8 

226.9 

333.9 

462.0 

612.6 

25 

35.8 

56.6 j 

82.1 

U2.(i 

148.3 

235.5 

346.3 

478.0 

634,7 

26 

87.2 

58.8 1 

85.2 

116.8 

153.8 

244.1 

358.8 

495.8 

656.8 

27 

38 6 

60.0 

88.3 

121.0 

150.4 

252.8 

371.2 

512.7 

678.0 

28 

40.0 

63.1 

01.4 

125.2 

164.0 

261.4 

383.6 

620.7 

701.0 

20 

41.3 

65.3 

04.5 

129.5 

170.4 

270.0 

396.0 

546.6 

723.1 

80 

.... 1 

42.7 

67.4 

97.6 

133.7 

175.0 

278.7 

J_ 

408.5 

563.5 

745.2 


' See iJ»o tAblc in Gamegi« Pocket Companion. 
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Tabud 15a. —Tbnbile Stbbngth of Bodts and Round Rods without Upset Ends 


Diameter 
of rod 

Diameter of 
root of 
thread 

Weight per 
lin ft 

Strength of rod 

At 12,500 lb 
per sq in 

At 15.000 lb 
per sq in 

At 16,000 lb 
per eq in 

At 20.000 lb 
per sq in 

H 

0 294 

0 376 

848 

1,018 

1,088 

1,360 

Ke 

0 344 

0 611 

1,160 

1,393 

1,489 

1,860 


0 400 

0 668 

1,670 

1,884 

2,018 

2.520 

He 

0 454 

0 845 

2.022 

2,427 

2,590 

3.240 

H 

0 607 

1 043 

2,524 

3,030 

3,230 

4,040 

H 

0 620 

1 502 

3,780 

4,530 

4,830 

6,040 

H 

- 0 731 

2 04^ 

5.250 

6,300 

6,720 

8,400 

1 

0 837 ! 

2 670 

6,880 

8,240 

8,800 

11,000 

IH 

0 640 

3 380 

8,670 

10,420 

11,100 

13,880 

IK 

1 065 

4 170 

11,170 

13,420 

14,280 

17,860 

m 

1 160 

5 050 

13,220 

15,860 

16,900 

21,140 

IH 

1 284 

6 010 

16,190 

19,420 

20,700 

25,900 

IH 

1 389 

7 050 

18,930 

22,720 

24 200 

30,300 

IK 

1 1 490 

8 180 

21.880 

26,170 

27,900 

34,880 

m 

1 615 

9 390 

25,600 

30,720 

32,800 

40,960 

2 

1 712 

10 680 

28,800 

34,550 

36,800 

46,040 

2K 

1 962 

13 620 

37.800 

45,350 

48,400 

60,460 

2H 

2 176 

16 690 

46,450 

65,700 

69,400 

74,300 

2K 

2 425 

20 200 

57,750 

69,200 

73,800 

92,380 

3 

2 629 

24 030 

67,800 

81,400 

86 900 

108 560 


Table 156. —Strength of Round Rods with Upset Ends 


Diameter 
of rod 

Diameter of 
upset 

Weight per 
hn ft 


Strength of ro<l 

-- 

At 12,500 lb 
per sq in 

At 15,000 lb 
per sq in 

At 16,000 lb 
per sq in 

At 20,000 lb. 
per sq m 

H 

mm 

0 668 

2,453 

2,944 

3,135 

3,920 

He 


0 845 

3,106 

3,727 

3,980 

4,980 

H 


1 043 

3,835 

4,600 

4.910 

6,140 

»He 

1 

1 262 

4,640 

5,560 

6,940 

7,420 

H 

1 

1 502 

5,520 

6,627 

7,080 

8,840 

»He 

IW 

1 763 

6,490 

7,790 

8,310 

10,380 

H 

IK 

2 044 

7,616 

9,020 

9,630 

12,020 

»He 

IK 

2 347 

8,630 

10,340 

11,040 

13,800 

1 

IH 


9,815 

11,780 

12,560 

15,700 

1 H 

IK 


12,425 

14,900 

15,910 

19,880 

1 K 

IK 

4 173 

15,330 

18,400 

19,650 

24,540 

1 H 

IK 

5 049 

18,550 

22,260 

23,760 

29,700 

1 H 

2 


22,080 

26,500 

28,300 

35,340 

1 H 

2K 

7 061 

25,910 

31,090 

33,200 

41,480 

1 H 

2K 

8 178 

30,060 

36,070 

38,500 

48.100 

1 H 

2K 

9 388 

34,600 

41,400 

44,200 

55,220 

2 

2K 


39,270 

47,130 

60,300 

62,840 

2 H 


12 060 

44,320 

63,190 

56,700 

70,940 

2 H 

2H 

13 520 

49,700 

59,680 

63,600 

79,520 

2 H 

3 


55,370 

66,450 

70,900 

88,600 

2 H 

8K 

Id 690 

61,360 

73,620 

78,500 

98,180 

2 H 

3K 

18 400 

67,600 

81,200 

86,600 

108,240 

2 H 

3K 

20 200 

74,230 

89,080 

95,100 

118,800 


The safe workmg value for common wire nails or spikes for resistance to lateral forces in 
timber joints of yellow inne or Douglas fir may be taken at 
\ ^ P ^ 400CW* 
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where p « safe lateral resistance of one nail, and d * diameter of nail in inches. 

The working values for the common sizes of nails in accordance with this formula are given 
in Table 16. 

Table 16.— Safe Working Value for Lateral Resistance op One Nail in Yellow Pine 

OR Douglas Fir 

Siae of nail.6d... .8d... .lOd... .12d... .16d... .20d... .30d... .40d... .50d.,. .SOd... .SOd 

Strength in pounds.53 - 62.88.88_110- 165-194 - 226 . , 268 .. .822 - 364 

All tests made on nailed joints indicate that the strength of the joint is approximately the 
same whether the nail be driven so that the compression on the timber is against or across the 
grain. The resistance of the joint is, however, decreased from 25 to 33J^% if the nails 
are driven parallel to the fibers of the timber—^for example, driving the nails into the ends of a 
stick of timber. A joint in which this condition exists is a header joint, frequently used in light 
joist construction. 

When one piece of timber is spiked to another, 
the penetration of the nail into the second timber 
should not bo less than one-half the length of the g 
nail, and should preferably be in excess of this. 8 . 

The slip of a nailed joint occurs at a compara- r ^ 
tively small load, as may be seen from an inspec- 3 
tion of the curve of Fig. 112, which is plotted from 
the published results of tests made by the Portland 
Bureau of Buildings. 

The elastic limit of a nail in lateral resistance 

in air-drv long leaf yellow pine occurs at a value Fia. 112 .—Typical load-^Kp curve of naiM joint, 
« . ; , • xt- i* 1 Bureau of Buildinge, City of Portland, 

of approximately C 7000 in the formula, p — 

Cd^, and at an average slip of 0.028 in., as found by Wilson in the tests of the Forest Service 
(see reference in footnote, p. 232). The Portland tests show higher values for both elastic 
limit and slip at elastic limit. 

112. Lateral Resistance of Wood Screws.—^The lateral resistance of common wood screws 
was investigated as thesis work by Kolbirk and Bimbaum at Cornell University,' using timbers 
of cypress, yellow pine and red oak. From the results of these tests, the following formula for 
the safe lateral resistance may be used for yellow pine and Douglas fir: 

p = 4375d* 

Table 17 gives the safe working values in terms of gage numbers. In giving these values 
the assumption is made that the screw is imbedded in the second or main piece of timber ap¬ 
proximately ^{q the length of the screw. 

Table 17.— Safe Lateral Resistance of Common Wood Screws with Yellow Pine and 

Douglas Fir 


Slip In Inches 


Cage of screw 

Diameter 

Safe lateral resistance 

(iuches) 

(pounds) 

6 

0.137 

82 

8 

0.163 

116 

10 

0.189 

156 

12 

0.216 

204 

14 

0.242 

256 

16 

0.268 

314 

18 

0.295 

381 

20 

0.321 

451 

22 

0.347 

527 

24 

0 374 

512 

26 

0.400 

700 


^ Abetmet of rwulto pubUibed In Cornell Civil Engineer, vol. 22, No. 2, Nov., 1918. 
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US. Lateral Reaiaiaiice of Lag Screws*—^Two typical cases of joints may he made: (1) 
boards or planks screwed to a timber block, and (2) a metal plate screwed to a block of timber. 
The writer made a series of tests on both types of joint.^ From the results of these tests, and 
also from a theoretical consideration of the probable distribution of pressures of lag screw 
against timber and resultant bending moments in the lag screw, the following values for lag 
screws in lateral shear and bending are recommended: 

Safe Latbkal Resistance op One Lag Screw 

Metal plate lagged to timber.^ X 4H‘‘in. lag screw. 1030 lb. 

^ X 6 -in. lag screw. 1200 lb. 

Timber planking lagged to timber. . . X 43^-10. lag screw. 900 lb. 

% X 6 -in. lag screw. 1050 lb. 


114. Lateral Resistance of Bolts.— In a typical detail of wooden joint, such as is illustrated 
in Fig. 113, a number of assumptions may be made as to the distribution of the bearing pressure 
of the bolt against the timber. Since as many different bending moments will obtain as as¬ 
sumptions of distribution of pressure are made, the resultant computed resistance of bolt to 
resist relative moment of the timbers will vary accordingly. Two assumptions will be consid¬ 
ered here: (1) a uniform distribution of bearing 
pressures, and (2) triangular distribution of 
bearing pressures. 

(1) Uniform Distribution of Bearing Pres¬ 
sures ,—With this assumption, the bending mo¬ 
ment in the bolt will be 


<— 



Pia. 113.- 


-Typical bolted joint—bolts in “double 
shear.’* 


M » HP(t72 + <'74) 


where f « thickness of splice pad, and t" »> thickness of main timber. Under this assumption, 
the greater the thickness of side pieces t' (see Fig. 113), the larger diameter of bolt required. 
Table 18 gives the resisting moments of one bolt in flexure at various fiber stresses, varying 
from 12,000 to 24,000 lb. per sq. in. 

The working values of bolts for typical timber joints, as found by this method are very low, 
especially for joints with thick splice pads. Hundreds of such joints are giving service in which 
the bolts are working at more than the ultimate stresses as computed by this method. 

Bolts are usually driven with a tight fit in the holes and when such a condition exists, the 
pressure of the bolt on the timber is not uniform along the length of bolt, as has been determined 
by tests, and therefore the preceding value of bending moment on the bolt is incorrect. 


Table 18,— Resistinq Moments or Bolts 


Siaeol 

Soetion 


Fiber BtresaeB (pounds per Bquare inch) 


bolt 

moduluB 

12,000 

10,000 

20,000 

22,500 

24,000 

H 

0.0280 

285 

380 

480 

540 

575 

H 

0.0414 

495 

000 

880 


995 

H 

0.0066 

786 

1,050 

1,810 

1,475 

1,575 

1 

0.09S2 

1180 

1,570 

1,960 

2,205 

2,300 

m 


1080 

2,240 


3,150 

8,300 

m 

0.191 

2290 

3,055 

3,820 

4.300 

4,585 

tH 

0.265 

3000 j 


6,100 

5,735 

0,120 

tH 

0.331 

3970 

5,295 

0,020 

7,445 

7,945 

m 

0.421 


0,785 

8,420 

9,470 

10,105 

IH 

0.625 

0800 


10,500 

11,810 

12,000 

IH 

0.046 

7750 

10,335 

1S.9M 

14,580 

15,505 

2 

0.785 

9420 

12,500 

15,700 

17,000 

ifMm 


tel 70, He* a, 20^ H(b 27, Mid 17, Ovt 26^ 

?■»<«• , j 
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The following method is proposed as offering a satisfactory method of computing tibM 
strength of such bolt loints: 

(2) Triangular DistrihiUion of Bearing Preaawre on Bolts. —The assumptions of this article 
are illustrated in Fig. 114 and are the result of a study of a series of tests of bolted joints made 
by the writer.* The theory of bearing pressures may be stated thus: It is assumed that the dis* 
tribution of load on the bolt is triangular in shape; that the unit pressure (pounds per linear 
inch of bolt) is a maximum at the contact faces of the timbers, in amount equal to the strength 
of the timber in bearing,* and of approximately the distribution for the typical case, as shown 
in Fig. 114. It is also assumed that in the joint of Fig. 114, there is a definite minimum length 

** such that the moment resulting from the load on this length of bolt will just equal the 
flexural strength of the bolt. Further, it is assumed that in joints where the thickness of side 
timber is less than the limiting value the pressure distribution diagram, while maintaining 
the general triangular shape, is modified in respect to the relative dimensions and 
(Fig, 114) within the limits a »* o and a * f'/3, and that the ratio a/t' remains such that the 
resulting bending moment in the bolt bears the same relation to the flexural strength of the 
bolt as the maximum intensity of pressure on the timber bears to the unit strength of the tim-> 
her in compression. The above theory assumes that the ratio of thickness of timber to diam¬ 
eter of bolts is comparatively large. As the ratio of diameter of bolt to thickness of splice 



Fio. 114. Fig. 116. 


1 

1! 

IIHI 

1 

1 

[illlj 

w 

1 


Fio. 116. 


pad increases, the pressure distribution diagram on the length of bolt within the splice pad is 
assumed to change from a triangular shape (Fig. 114) through a trapesoidal shape (Fig. 115) 
until the limiting case is reached, with a short thick bolt of uniform distribution of pressure 
along the length of bolt (Fig. 116). 

For the case illustrated in fig. 114 there are two equal maximum bending moments in the 
bolt, occurring at points of zero shear. With the assumption that beyond a minimum value of 
t' or width of splice pad, the strength of joint is independent of the length of bolt, the length, 
for which the strength of the bolt in flexure is equal to the safe load on the bolt as determined 
from the compression on the timber, may be determined by equating the bending moment re¬ 
sulting from such load to the resisting moment of the bolt. 

whence 

•od 

* nMat wi|»dislm itawtlk. 


rdV 

32 
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where M « bending moment on bolt in inch pounds, 

p « maximum allowable unit bearing stress of bolt against timber, 
f » maximum allow'able flexural unit stress in bolt. 
f » thickness of splice pad. 
d » diameter of bolt in inches. 

m length of portion of bolt on which pressure exists. 

Using the same notation, when m is less than the theory assumes that the ratio of the 
dimensions a and b changes, within the limits a — o and a = t'/S, to the end that the greatest 
strength of joint is obtained with the provision that the capacity of the bolt in bending and the 
timber in compression is maintained simultaneously. For these cases the bending moment 
may be expressed by the general formula M Ci'*, and the total load on the joint by the 
general formula P = Kt\ In these formulas, M =* moment on bolt in inch pounds, f « width 
of splice pad in inches, and C and K are factors to be obtained from Diagram 1. 

Table 19 shows the relation of C and K to varying ratios of a/t\ for a bolt of 1-in. diameter, 
for the case of a triangular pressure diagram. 

Table 19 


Ratio 

a/V C K 

0 433 1300 

266 1040 

163 866 

yi 48 650 


Diagram L 
Slip in inches 



Values of 


Diagram 1 shows the above variation of C and K with the ratios a/f, for a 1-in bolt. By 
means of this diagram, the safe strength of a bolt in double shear for any thickness of splice pad 
may be found. The diagram is based on the values, p » 1300 lb. per sq. in. for the safe pres¬ 
sure in end bearing of the diametral section of the bolt in timber, and / » 16,000 lb. per sq. in. 
for bolts. 

XIIttstimtiTe Plrablefn.—^iven a joiot with 6-i&. center timber, and two 3-in. eplioe pada, bolted with 
bolte. What is the tale strength of one hoLt, allowing a maximum unit oompression against ends of fibers of timber 
and a maxtmwm flexural stress of 16,000 lb. per sq. in. in the bolt? 

From Table 13 the safe resisting moment of a H-in. bolt at 16,000 lb. per sq. in. is 1050 in.-lb. Sinee XNagram 

1 la Ibr a bolt of 1-in. diameter, the equivalent moment for entering the diagram is « 1300 |n.4b. 
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From the equation M Ct% C «» » 133.8. 

Entering the diagram, a vertical line through the point on the dash and dot ** curve for the varwe C - 18 t*a, 
intersects the full line “ K ” curve at a point giving K - 810 lb. Remembering that this value is for the case ol a 
1-in. bolt, the safe load for a ^-in. bolt is 


- I Xf - (g ) (810) (3) - 2180 tb. 


For the cases in which the pressure distribution on the bolt is trapezoidal, as in Kg, 115, 
Table 20 gives the values of C and jRT, in the formulas M = and P = Kt*, respectively, f<Hr 
various ratios of the minimum unit pressure to the maximum unit pressures, all for a bolt 0(f 
1 -in. diameter. 



Table 20 


Ratio 



tf/v 

c 

K 

0 

433 

650 

Ya 

650 

812 

H 

867 

975 

Ya 

1084 

1138 

1 

1300 

1300 


Diagram 2. 

Diagram vob Finding Savb Loads on a Bolted Joint—Bolt in Double Shear.** Diagram Drawn fob 

1-iN. Bolt. 



IKagram 2 gives the curves of these formulas for the trapezoidal distribution of pressurt 
for a bolt 1 in. in diameter. These curves are to be used exactly as those of Diagram 1. 

lUttsttattve Problam.— Given a joint of yellow pine timber with syi-in. center, and two spliced pads, 

lH-i«u bolts* What is the safe strength of one bolt in lateral resistance? 

From Thble IS, the safe resisting moment of a l>i-in. bolt at 10,000 lb. per sq. in. is 5206 in.-lb. To enter 
vmgram 2, whieh is drawn for a l-in, bolt, the Value of 5295 must be divided by IHo The equivaletit moment ig 
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fiSSS X K « 8«80 From th« cquatton M - C - - 666 From Dik(nm 2 the velue o( X u the 

ourreF •« Xt', eorreepondiag to C • 666, li 16001b Thie valne ie for • l>iii bolt Therefore, the lefe load for a 
bolt It 

P - (1500)(2H)(1H) - 56251b 

The values of Table 21 have been worked from the preceedmg theory by means of 
Diagrams 1 and 2. 

Tabls 21. —Value op One Bolt in Double Shear 



.. 

Thickness side timbers (inches) 

Bolt 

2 

1 d 

4 

5 

6 








Thickness center timberb (mihes) 



4 

6 

8 

10 

12 

h 

1060 

129 > 

1465 

1465 

1465 

H 

1440 

1685 

1090 

2100 

2100 

y'e 

1925 

2135 

2475 

2845 

2850 

1 

2480 

2655 

3000 

1380 

1700 

IH 

3120 

3235 

3580 

4025 

4520 

m 

3915 

3940 

4240 

4680 

5170 

IH 

4840 

4600 

4955 

5415 

5970 

1>2 

5890 

5570 

5790 

6245 1 

1 

0700 


Fig 117 - 
OG cast- 
iron washer. 


Maximum fiber stress in bolt m bending, 16,000 lb per sq in 
Maximum intensity of bearing pressure on wood, 1050 lb per sq in 
Bearmg on wood, average on diametral section of bolt 1300 lb per so in 
BoUs tn Single Shear —The safe values of bolts acting m * single shear^* may be taken at one 
half the values of Table 21 

Bolts Bearing Acroee the Oram of Timber —^For double shear ’ joints in which the bolts bear 
across the grain of the timber, the safe values may be taken at five-eighths the values of 
Table 21 


Metal PUUee Bolted to Timber —The values of Table 21 may be used for joints in which steel plates are bolted 
to timber, in other words, a steel fish plate joint, provided that the values of this table do not exceed the safe 
loads as determined by bearing of the plate on the bolt, or shear in the bolts 


116. Resistance to With¬ 
drawal of Nails, Spikes, Screws, 
and Drift Bolts.—The resistance 
of nails, spikes, screws and drift 
bolts to withdrawal from timber 
IS a function of the surface area 
of contact between metal and 
timber, and the unit resistance 
to withdrawal. Expressed 
algebraically, 

P ^ AC 

in which 



Fio 118 -Cast-iron nbbed washers 




P total pounds requited to move the spike, screw, or dnft bolt. 
A » surface of contact between metal and wood. 

€ » unit resistance to withdrawal. 


The value of C depends upon the kind, quaHty, and condition of 
timber, condition of surface of nail, screw, or drift bolt, sise of hole in 
BIB which nml, screw, or bolt may have been driven or screwed, and dixee^ 
tion of hbevs of timber with reference to length of nail, spike, seiew, or 
Fig us.—| wactioal purposes, C 18 a quantity detained solely by 
experfmmit. Ultimate vahtes for C for wire and cut nails, boat s|(Bbes, 
drlft»bi^ts are given in TableTboeo valueiaie takenfrm astu4^ of tbe nnmeioiii 
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tests that have been made. The vidues for resistance to withdrawal as found by tha 
vary so widely that, for safe working values, a safety factor of four should be 
used. 

110. Washers.—^For the more common timbers employed in building con¬ 
struction, the refflstance to crushing across the grain of the timber is much 
smaller than resistance to end crushing. For this reason it is necessary to 
use washers under heads and nuts of bolts in timber construction to prevent 

the nuts and head from crushing into the timber when the cilSSar pril 
nuts are tightened, and also when the bolts take their assumed s e d «t« «i 
Q stresses. wmImt. 

There are five types of washers used in timber construction: (1) castriron 

--- O G washers, (2) cast-iron ribbed washers, (3) malleable iron wafers, (4) 

circular pressed steel washers, and (6) square plate washers. 



ftwl plate RsSlSTANCe TO WITHDRAWAL OF WiBB AND CuT 

Nails, Wood Screws, Lag Screws, Boat Spikes and Drift Bolts 

(All Quantities Expressed in Pounds per Square Ineh of Contact Between Metal and Timber) 





[ Yellow 

- r 

Douglas 

W Kite 

— 

Whit. 

Redwood 




pine 

fir 

pine 

oak 


Cut nail»* 



■>00 

500 1 

300 

1200 

300 

Cut naiUi^ 



dOO 

300 

275 

1000 

150 

Wire nails' 



300 

300 

170 

900 

300 

Wire nails* 



250 

250 > 

100 

800 

200 

Wood Borewa 



1 1500 

1500 

900 

2200 

900 

Lag screws 



800 

800 

500 ' 

1200 


Boat spikes* 



500 

500 

270 1 

1000 


Boat spikes* 



370 

m 

200 

750 


Drift bolts* 



400 

400 I 

240 

600 


Drift bolts* 



200 

200 ' 

120 

300 



1 Driven perpendicular to gram of timber 

* Dnven parallel to gram of timber 

’ Edge of point parallel to gram of timber 

* Edge of point across gram of timber 

> Driven in boles He to H in. less in diameter than drift bolt 


For cases in which the axis of bolt is inclined to the bearing surface of the timber, bevelled cast- 
iron washers may be employed (see Fig. 122 and Table 28). The five types of washers men 
tioned are illustrated in Fi|^. 117 to 121 inclusive and Tables 23 
to 27 inclusive give detailed dimensions. 

In the case of bolts acting wholly in tension there can be no 
question of the necessity of washers. Washers should be properly 
designed, both for strength and stiffness, and of proper size to 
limit the bearing pressure on the timber to the safe working value. 

For Douglas fir or yellow pine either the square plate washere, 
ribbed cast-iron, or cast-iron O.G. washers of equivalent area 
should be used. Attention is called to the fact that in the 
malleable washer, the full area of the base of washer is not available 
for bearing. For example, the ^-in. malleable washer has an 
actual bearing area ol about 4 sq. in., or an actual efficiency of 
approximately 60% of its nominal area. Even the cast-iron O.G. 
wariieta of Table 2^ stress the timber to approrimately 760 lb. per 
sq« ia.^ lor a unit stress of 16,000 lb. per sq. in. in the rod. 

When the bedt acts whdly in tbear and bending, smiJler washers, such as the malleable 
wadiera, am permissible, though not necessarily advisable. In such instances it is often practi- 
esliy that the timber will shrink, and that the washers will never be tightened, and for 
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this reason the use malleable washers may be justified, in order to save expense. On the 
other hand, when there is a chance that some maintenance work may be counted upon in the 
shape of washer tightening, good construction will prescribe either a special cast-iron washer 
or a square plate washer, sufficient in size to meet the capacity of the bolt in tension. 

In order to avoid special washers, malleable washers of larger size than the nominal size for 
the bolt used are sometimes specified. Such a procedure is unwise for two reasons: (1) the 
holes in the larger washer are of such diameter with respect to the diameter of the head and nut 
of the bolt, that a poor bearing between head or nut and washer results; and (2) the carpenter 
will invariably put stock sizes of washers and bolts together if there is a chance to do so. 

The circular cut or pressed steel washer should never be used in timber construction, except 
between metal and metal. 

The selection of a washer as between a special size O.G., ribbed cast>iron, or a square steel 
plate washer, will depend on the relative prices of cast iron and steel, availability of foundry and 
steel shops, and size of jobs. When largo size washers are required and the job is a small one, 
the square plate washer will usually be found cheapest. 

No square plate washer should have a thickness less than one»half the diameter of bolt. 
A good rule is to add He to the thickness thus found. 

When the center line of bolt or rod is not normal to the bearing face of the timber, the 
timber must be notched, or a bevelled washer used. If the section of timber is ample, a notch 


Table 23.— Washebs —O.G. Cast-iron 


Slxe of bolt (inchee) 

Weight per lOO lb 

Diametei (itioheH) 

Thickness (inches) 

Area (square inches) 


35 


Vi 

3 78 

- h 

75 

.1 


6 7b 


100 



7 86 

U 

145 

3>a 

"he 

9 02 

1 

186 

4 

H 

11 79 

m 

285 

4>2 

IH 

14 91 

m 

375 

5 

1>4 

18 41 

m 

600 

0 

1>3 

26 50 


Table 24.— Wa.shers—Cast-Iron Ribbed 


(See Fig 118) 


8ise bolt 

Sise upset 

a 

b 

c 

d 

h 

t 

Shape 

base 

No. 

ribe 

Weight 


Not upset 

H 

IH. 

H 

3H 

H 

H 

C 

6 

0 56 

H 

Not upset 

H 

IH 

He 

4 

1 

H 

C 

6 

1 U) 

H 

Not upset 

1 

2H 

He 

4H 

IH 

H 

C 

6 

1 80 

H 

1 

IH 

2H 

H 

5H 

IH 

H 

C 

6 

2 79 

"he 

IH 

IH 

2H 

H 

5H 

IHe 

H 

C 

6 

8.29 

H 

IH 

IH 

3 

He 

6H 

IH. 

He 

C 

7 

5 30 

1 

IH 

IH 

3H 

He 

7 

iHe 

He 

C 

7 

6 84 

IH 

IH 

IH 

3H 

H 

7H 

l"He 

H 

C 

7 

9 04 

IH 

IH 

IH 

3H 

H 

m 

l"He 

H 

C 

7 

11 30 

IH 

IH 

IH 

4 

H 

9H i 

2H 

H 

C 

7 

13 59 


IH 

2 

4H 

He 

10 

2H 

He 

C 

8 

18 66 

IH 

2 

2H 

4H 

He 

lOH 

2He 

He 

C 

8 

20.39 

IH 

2H 

2H 

4H 

H 

IIH 

2H 

H 

C 

8 

25 99 

m 

2H 

2H 

5H 

H 

12H 

2H 

H 

C 

8 

30 62 

IH 

2H 

2H 

«H 

H 

llH 

4H 

H 

Sq. 

8 

48.23 

2 

2H 

2H 

6H 

H 

12 

5H 

H 

Sq. 

8 

69.32 
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is the che&pest detail. The pressute of the washer against the timber is then inclined to the 
direction of fibers, and, consequently, a higher unit bearing pressure may be used, in accordance 
with the formula and values of Art. 118. 

For the larger size of bolts and rods, notching the timber sufficiently to provide the required 
area for bearing may cut the stick beyond the safe limit. In such a case, either a combination 
of a flat washer with a smaller cast*iron bevelled washer may be used, or a special cast-iron 
bevelled washer may be designed. The latter solution is much the better of the two. If this 
washer be made square or rectangular, the component of the stress in the rod parallel to the face 
of the timber may be taken care of by setting the washer into the timber. In the former case, 
this component will produce bending in the rod or bolt. 


Table 25.—Washers—Malleable Iron 


Sise of bolt (inches) 

Weight per 100 washers 

Diameter (inches) 

Thickness (inches) 


15 


K 


22 

2K 

Ks 


33 

3 

Hs 


50 

3K 

Ks 

1 

68 

4 

K 

IK 

87 

4K 

K 

IK 

150 

5 

H 

IK 

100 

6 

H 

2 

420 

_ 1 

7K 

H 


Table 26.—Washers—Wrought-iron 
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Taslb 27.—WA8HiiB»--SQt7Aaa SniBi. Pultb 


Unit Beanns Presaum—^50 lb per aq. in. 
Unit Tension in Bolt or Bod—16,000 Ib. per aq. in 


Diameter of bolt or rod 

Diameter of upset 

' Side of square washer 

^ Thickness of washer 

H 

Not upset 

cc 

1 

H 

H 

Not upset 

4 

He 

H 

Not upset 

4H 

h 

H 

1 in. 

4H 

He 


IH 

6 


H 

m 

5H 

‘He 

1 

IH 

6H 


IH 

IH 

7 

‘He 

IH 

IH 

7H 

H 

IH 

1 

8 H 

‘He 

1>‘2 

2 

9H 

iHe 


Table 28.—WAhHERs—C ast-iron Beveled 


Site rod 

1 ^ 

h 

t 

d 

t 

r— 

H 

H 

3H 

IH 

4 


H 

H 

1 

4U 

2 


^4 

1 

1 

1 IH 

4H 

2H 

i 5H 


IH 

IH 

IH 


2H 

1 6 

1 

IH 

IH 

IH 


2H 

j 6H 


IH 


117. Resistance of Timber to Pressure from a Cylindrical Metal Pin.—When a pin, 
bolt, etc, of circular cross-section bears against the ends of the fibers, the load on the pm is 
resisted by pressure of the timber against the mctaJ, and such differential pressures are always 
normal to the surface of the pin. The differential pressures may be supposed to be replaced, for 
practical purposes, by two resultant reactions, one parallel and the other perpendicular to the 
line of action of the applied force. The second of these resultant reactions tends to split the 
timber, since it produces tension across the fibers of the timber. Consequently, for the case in 
hand, the usual permissible unit bearing pressure against the ends of the fibers must be reduced. 
Also the particular detail must be investigated to make sure that the tension across the fibers 
due to the cross pressure is within the safe unit stress for the timber in question. 

Tests and theoretical considerations indicate that for a round pin or bolt bearing against the 
ends of timber, the safe average unit bearing pressure to be applied to the diametral plane of the 
inn may be taken at H the usual allowable compression against the ends of timber. The resul¬ 
tant secondary pressure across the fibers may be taken at Ho the applied load. When the direc¬ 
tion of the applied load is perpendicular to the direction of the fibers, the safe average diametral 
pressure may be taken at Ho of the permissible unit compression across the fibers. 

For the case of pins and bolts in tight fitting holes in dense Southern pine and Douglas 
fir, the values of 1300 lb. per sq. in. for end bearing and 800 lb. per sq. in. in cross bearing may 
beused. 


Ittastmtive Probiwau—What u the eale load on a Ij^-in bolt, boariag againet the end# of the fibere of a 6 X 
adn. block of Douglas Sr, and what is the force tending to split the block of timber? 

The safe load is IK X 6 X 1800 1060 in -lb The force tending to split the timber ts 1060 x 0 I • 106 lb. 

m Comiireggioa on Surfaces Indiued to the Direction of Fibers.— The allowidile 
tensiiy of pressure on timber, when the direction of pressure is neither parallel nor perpendkmlar 
^ d}re 0 tioii of fibers, was investigated by Prof. M* A. Howe on spociiueas of yellow pipe 
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white pinC) oyprcas, white oak, and redwood.* On the basis of these tests, Prof. Howe recrto** 
mends the formula: 

»■ = ? + (?- qKe/Qon* 

where 

r * allowable normal unit streas on inclined surface. 
p » allowable unit stress against ends of fibers. 
q » allowable unit stress normal to direction of fibers. 

Using the same notatioUi Prof. Jacoby in “Structural Details^^ develops the formula: 

r - p sin2 0 -f g cos* $. 

Mr. Russell Simpson of the University of California, has recently made a series of tests^ 
as thesis work, on the bearing values for inclined surfaces of Douglas fir and California white 
pine. He finds that Jacobj^'s formula gives results closely approximating the test values at 
the clastic limit, while Howe’s formula holds for a constant indentation of 0.03 in. Diagram 
3 gives the curves of the formulas of Howe and Jacoby for values of p ~ 1800 lb. per sq. in., 
q =s 350 lb. per sq. in.; and p *= 1600 lb. per sq. in., q « 300 lb. per sq. in. 

Working values for actual design of timber joints involving bearing on surfaces inclined 
to the direction of fibers should be based on the elastic limit. The full line curves of Jacoby’s 
formula are therefore recommended for design. 

Diagram 3. 

Diagram for Safe Bearing Pressure on Timber Surfaces Inclined to Direction 

OP Fiber. 



Volue* of'fm lb. per in 
Solid Ime curves Formula* r* p sin*^ 

Broken tins curves* Formula: r«c)«(p~ 


119. Tension Splices.—The tension splice in timber building construction occurs usually in 
the lower chord of a roof truss. This detail is probably the most troublesome to design and 
frame efficiently of all timber joints. A detail that is efficient on paper is often very unsatis-* 
factory when viewed in the field. Any detail that depends for its action on the simultaneoua 
bearing of more than two contact faces is to be avoided if possible, although it is often impracti* 
cable to so limit the design. Again, that detail which is so designed that the bearing faces of 
splicing members the bearing faces of the spliced or main timbers may be pulled together in 
the field after the joint is framed, has a very decided advantage over any other type of tendon 
splice. Hie ideal splice, just described, will be found to give a low efficiency when measured in 
teiim of effeetive area of main timbers ^r resisting tension. However, in many cases, such in** 
efficiency may wdl be idlowed, in order to secure certain definite action of splice joint. Impor* 
tanee of the emmection, cost of materials, quality of workmanship to be anticipated, possibility 
of o^y oocAdoxMid mr no inspection after completion, are all factors that should be carefully 
oonsidefed befiose deciding upon the particular type of tension splice to be adopted. 

iPss* vd. es, Ha It, and vd. 68, No. lO. 
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The following types of tension splices will be considered and a detail joint of each type de¬ 
veloped for a typical example: 

(1) Bolted wooden fish plate splice, (2) Modified wooden fish plate splice, (3) Bolted steel fish plate 
splice, (4) Tabled fiah plate splice, (51 Steel tabled fish plate splice, (6) Tenon bar splice, and (7) Shear pin 
splice. 

It will be assumed that a 6 X 8-in. Douglas fir stick must be spliced to safely stand a total 
stress of 40,000 lb. Specifications of steel structures often call for the detail of splice to be of 
sufficient strength to develop the strength of the members. The same specification may be 
applied to the timber joint, although it is customary to design the splice for the computed stress 
in the member. 

^ —r JM iw 1^ I ^ under discussion the safe working 

J 1 .3 stress in the timber for tension will be taken at 1500 lb. 

M lui --S pgj. gq required net area for tension is 

Mi, Cl Cl Cl Cl Cl i. _ 4U,UUU _ oa T «« 


therefore 


^ = 26.7 sq. in. 


lido. Bolted Fish Plate SpHce.—The 

bolted fish plate splice is shown in Fig. 123. The 
T I I I I I f size of bolts will be computed in accordance with the 

^ formula 

Fig. 123.—Bolted wooden fish plate splice. M = /2P(t^l^ + t" 14) 

where P is the total load on one bolt; t' is the thickness of splice pad, or fish plate; and ^"is 
the thickness of main timber (see Art. 114), This formula assumes the load on each bolt to be 
uniformly distributed along its length. 

Assume bolts, and splice plates 3 X 8 in. With bolts spaced in pairs, the net width of splice plete will 

26.7 

then be 8 — (2) (1^^) « 4^2 in. The required thickness of one plate is then « 2.07, showing that a 3-in. 

thickness is sufiScient. Assume 6 bolts required. The load on one bolt is then 40,000/6 ■» 6667 lb. The bending 
moment on one bolt is (6667/2) X 3 + K X 6) * 10,000 in.-lb. With a flexural stress of 24,000 Ib. per sq. in., 
the required section modulus of one bolt ■■ 10,000/24,000 « 0.416 in., and the required diameter of bolt -> 
'C^O.416/0.098 - « 1.62 in. 

. ... .... 6667 ^ 


The unit bearing pressure on the diametral section of bolt 


(1.626) (6) 


685 lb. per sq. in., which is about 


one-half the amount allowed. The minimum distance between bolts must next be computed. This distance will 
be taken as the sum of (a) computed distance necessary for shearing along the grain of the timber, (5) computed 
distance giving required area for transverse tension, and (c) diameter of bolt. 

6667 

Total shearing area required.-T/ilnr *“ 44.44 sq. in. 


or distance (o). 


Area required for transverse tension. 


or distance (6). 

Diameter of bolt (c). 

Minimum spacing of bolts. 

The spacing of bolts will be made 6H in. 


■ 160 “ ** ** “>• *"• 

12 “ . 

(6«67)(0.1) . .. 

-ifio- *■** *"• 

4.44 


1.63 in. 
6.07 in. 


1196. Modified Wooden Fish Plate Splice.—In the modified wooden fish plate 
splice, the size of bolts will be reduced to 1 in., and the value of each bolt taken at 2655 lb., 
in accordance with the values of Table 21, p. 244. 

The number of bolts required is 15. 

14 1-in. bolts will be used, giving a load of 2857 lb. per bolt. 

Spacing of bolts: 

(o) Distanoe required for shear 1®* 

' ' (2857) (0.1) 

(b) Distance required for transverse tension *» (i^)(^ ' “ 

(c) Distance of bolt...•• 1.00 in. 

§: 90 *in. 


l^paeiiig of bolts nriU be made 3 in. The detail Is shown la Fig. 124. 
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119c. Bolted Steel Fish Plate Splice.—Fig. 125 shows a bolted steel fish plate 
splice. The bending in the bolts is reduced from that in the first type, due to the smaOeif 
lever arm. The section of steel plate must be sufficient for tension, and for bearing on the bolts. 
Otherwise, the computations are similar to those of the bolted fish plate splice. 


Net section of steel plate -• " 2.67 sq. in. 


15,000 

Assume two 1^^-in. bolts in pairs. 

2 67 

■ ■■ 0.28 in., requiring a Hs'ln. plate. 


Then net width - (2)(lHe) * 4.875 in., and required thickness Is 
(2 ) (4 8 75) ” *«ste. Assume six bolts. As before, each bolt must take 6667 lb. The 

minimum diameter of bolt required with a ^ plate at 15,000 lb. per sq. in. in bearing is ^ in. Assuming 


s 

SI G 
5) G 

9 SI B 

a m j 

a si! 
s s 


Q G 
SI G 

a ia,G 
a SI G 

a,SI 
i s' 
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r^T^V'Vf- 

1 

»E9 

mm 


i-J UA -Ul U U' 

_ L _ ^ _ 
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Fia, 124 —Modified wooden fish plate splice. 


Fxq. 125.—Bolted steel fish plate splice. 


uniform distribution of pressure along the length of bolt, the bending on bolt XHs + l^X6)"» 

5520 in.-lb. At 24,000 lb. per sq. in , the required diameter of bolt from Table 18 is seen to be IH 

The unit pressure of the bolt on the ends of the fibers is ^^0 lb. per sq. in. The spacing of bolts 

may be figured as before, and will be less than that computed in the detail of the bolted fish plate splice by the 
difference in diameter of the bolts. The spacing will be made 6 in. 

119d. Tabled Wooden Fish Plate Splice.—The detail of a tabled wooden fiish 
plate splice is shown in Fig. 126. The points to be investigated in this detail are: (1) net 
section of main timber and splice pad; (2) bearing between splice pad and main timber; (3) 
length of table of fish plate for shear; (4) tension in bolts; and (5) possibility of bending on 
splice pads if bolts become loose because of shrinkage of timbers. 


Net section of main timber required, as 
before, 26.7 sq. in. 

Net section of fish plate required, as 
Allowing for two f4-in- bolts, net depth of 

P***® ■ (8 - W ) “ ® “• 

Total bearing area required between fish 
40 000 

plate and main timber * “ 25 sq. in. j 

25 

Depth of cut into main timber ■» 

1.57 in. Depth will be made I3i in. It 
will be necessary to use an 8 X 8-in. timber, 


<( 

d 






IL ’ 




*3 




1 


IS 1 0 ^ 




Fxo 126.—Tabled wooden fish plate splice. 


instead of a 6 X 8-in. stick, with 4 X 8-in. fish plates. 
Total net depth of fish plate 2>^ in. 

40 000 

Shearing area required for table of fish plate 


183 

Length of table ■« -g- «■ 17 in. 


The action of this joint produces a bending moment in the fish plate which must be resisted by the bolts. The 
msultant stress in the fish plate acts at the center of the uncut portion, while the resultant of the pressure between 
fish plate and main timber is at the center of the table. This couple produces a moment, in this case, of 


(2a000)(H)(2H + IH) - 40,000 in.-lb. 

The lever arm of the bolts in the center of the table about the end of table is 8H in. Using two bolts, the stress in 
40 000 

each bolt is ** 2358 lb. A H-'in. bolt is sufficient for this stress, but bolts lees than M-in. diameter are 

not advisable in a timber joint. The required area of washers is 6.72 sq. in., which area would be supplied 

by a 8-la. eirsular washer. Tbe washers shown are square steel H X WX W in. 






252 


HANDBOOK OF BUILDING CONSTRUCTION 


[S«c. S-1100 


If the Umber ahoukl ihrink and the bolt* remain looee, each fieh plate iro«ld be lubjeeted to the full bending 
of 40,000 in.-lb., except ae the friction of the ends of the table against the main timber might reduce such bending. 
The secUon modulus the net section of 6 sh plate is (^s) ( 8 ) (2^)* ■■ 6-76 (correct for two bolts). The extreme 

40 000 

atrow du 6 to bonding would then bo *“ 5926 Ib per sq. in* To this eirooe must be added the uniform 

tenaile stress, which is « 1110 lb. The maximum fiber stress would therefore be 7036 lb. per sq. in., an 

amount nearly equal to the ultimate strength of the timber. For this reason, the joint should be well spiked to¬ 
gether, and in particular the fish plate should extend at either end beyond the table, to allow a number of spikes to 
be driven here. If the out at the ends of tlie tables be made with a bevel towards the center of the joint, the same 
result will be obtained. 

119«. Steel-tabled Fish Plate Splice.—The most economical and practical 
detail of the steel-tabled fish plate splice consists of steel splice plates with steel tables riveted 
to the plates, as shown in Fig. 127* The points to be investigated are: (1) necessary net area 
of plate to resist tension; (2) required thickness of tables to keep the bearing of tables against 
the ends of the fibers of the timber within the safe working stresses; (3) number of rivets between 
tables and fish plate; (4) distance between table, limited by longitudinal shear in the timber; 
and (6) bolts required to hold tables in the notches in the timber. 


The 6 X S-in main timber will be sufficient for this type of splice. 



Assume 3 rivet-s in one row. Then net width of plate is 8 — (3)(^i) «» 6 76 in., and required thickness of 
2 67 

plate is > 2 ) ' (5 75 ) * 0 23 in. A >i-in plate will be sufficient for tensile strength. Bearing area required for 
^40,000 


tables •• 


1600 


26 sq. in. 


26 


Assume 4 tables on each fish plate. Required total thickness of tables is ** 0.78 in. Make the depth 

*Hs itt. - 0.815 In- 

Rivets required in each table, limiting value of one H'i^* rivet in bearing at 20,000 Ib. per sq in. on }j|[-in 
plate being 8760 lb. ■*» * 2 67. 

Use three rivets and make table 'Hs X 3 in. 

The distance between end of main timber and first table, and the distonce between tables, must be sufficient 

267 sq. in. Distance between 


for longitudinal shears in the timber. 


j 40,000 
Total shearing area required »■ ' 


tables « 


267» 


8.35 in. Call this distance 9 in., making the distance center to center of tables 12 in. 


(4) (8)' 

As in the case of the wooden fish plate splice, the bending moment to be resisted by bolts is the load trans¬ 
mitted by one table times one-half the combined thickness of fish plate and table, or 

M - (10,000)(H)('Hs + H) - 5300m.-lb. 


Two bolts will be placed against the outer edge of table, making the lever arm of the bolts ZH in. The stress in 
one bolt is then Two H-in- bolts will be used for each table. 


119/« Tmion Bar Splice.*—Hie tenon bar sfdice la one of the oldest splices used^ 
though not seen so frequently today as formerly. It is probably the siinplest and most efedtive 
tension splice that can be made* The detail is shown in ¥1g. 128. The points to be computed 
are (1) aise of rod for tension; (2) width of bar for proper bearing agidnst the timber, and also 
for the hole for the rod passing through the ends; (3) depth of bar for bffitiding; (4) distance 
of bar from end of timber to provide suiBcient bearing area; and ($) net seerion of timber. iTo 
give general stiffness to this joint, Fig, l28rikowe the addition of two 2 X (Nn^iqptfcepadkitNi^^ 
irltii ^4n. bolts. \ ^ ^ 
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An « X 8-in. main timber wiU be asaumed. Hue of rod area required * (2)^^^) * ^*** ^ ' 

rod boe an area of 1.295 sq. in. at the root of thread, and this sue rod will be used. Since the rod must he placed 
at Buoh a dietanoe from the timber that the nuts may be tightened, and since it is desirable to keep the length Of 
the bar as small as possible, hexagonal nuts will be used. (It is obvious that the bending moment on the bar in** 
creases with the distance between center lines of rods.) The long diameter of a 13-^-in. hexagonal nut is 2^ in.» 
hence the distance from the side of timber to the center line of rod will be made in. 

Sise of bar required: The pressure of the timber against the bar will be assumed to be uniform. Hence the 
bending moment on the bar will be (20,000) (IM + M X 8) » (20,000) (3M)« 70,000 in.-lb. Using a fiber stress 

70 000 

of 24,000 lb per sq. in. in bending, since the bar is a short beam, the required section modiilus is 24 * 000 "" 

The hearing area required is “‘I- ***• required width of bar is therefore^ * 3.13 in. Since 

a 3-in. bar is a stock sise, a width of 3 in. will be used. This width will give a full bearing for the hexagonal nut, 
and will allow Iffu in. of metal on each side of the hole If a 6 X 8-in. timber were used, the required width of 
bar would be 4t)4 in., which would reduce the section of timber below the allowable. 


The depth of bar must now be computed. The section modtilus * 2.92 in., when d ■« ^ 

* \/6.84«» 2.4 in. The bar sue will be taken at 2H X 3 X 14 in. 

40 000 

The shearing area required between the bar and end of timber is - =» 267 sq. in. The distance required 


between the bar and end of timber is therefore 


267 

■(2)f8) ’ 


16 8 in., say 17 in. 


119f7. Shear Pin Splice.—In th<‘ shear 
be sufficient. This splice is shown in Fig. 129. Tlie 
means of the circular pins of hardwood or steel. 
These pins are driven in a boix^d hole with a driving 
fit for the pins. The joint is a comparatively easy 
one to frame. The bolts take some tension, due to 
the couple of the forces acting on the pins. The 
working values for the pins are taken from Art. 117. 

The sphee pads in this detail are 3 X 8-in. timbers. The 
pins are 2 in. in diameter, of extra heavy steel pipe. The total 
net section of splice pads is then 4 X 8 « 32 sq. in., giving a 

unit stress in tension of —«» 1250 lb. Using the workmg 
value of 800 lb. per lin. in. of pin, the safe value of a 2 X 8-in 


pin splice, the 6 X 8-in. main timber will 
stress is transmitted across the joint by 


1 I 1^1 I 


ts^ 






11 I I I 1 I T I TI 



Fig. 129.—Shear pin 8p]i<^e. 


pin is 6400 Ib. The number of pins required is then “^qq" “ 6.25. Six pins will be used. 

The tension in. the bolts will be taken at one-half the total tensile stress, or 20,000 lb. Eight H-in. bolts 
will be used, giving a working value of 2500 lb. per bolt. The bolts wiU be placed in pairs, endways between 
the pins. The pins will be placed 6-in. centers 


120. General Comparison of Tension Splices.—The tenon bar splice, when it can be used, 
is to be recommended. It is direct in its action; shrinkage of the timber cannot destroy its 
effectiveness; there being but one bearing surface, the splice will surely act as designed; the 
two sections of timber can be drawn tightly together in the field; and the splice is almost 
fool-proof. 

The wooden tabled fish-plate splice is also effective where there is but one table in each 
splice pad dther side of the joint. In those joints where more tables are necessary, however, 
there enters at once the possibility, and even the probability, that all the contact faces will 
not act simultaneously. In other words, the effectiveness of the splice in such a ease depends 
wholly on the skill and care in workmanship. In this detail, also, shrinkage of the timber adds 
sn uncertainty as to the strength of the joint. 

The bolted steel fish plate splice makes a neat appearing splice for exposed work, and is 
much in favor on that account. For a moderate stress in the timber to be spliced, it is fairly 
ecKitMSgpica^^ 

The eted tabled fia^ plate sj^oe is open to the same objection as the wooden tabled splice*^ 
The bearing iimifaMi of the steel tables are very likely to be uneven, making a dose fit between 
8ted and l^Niber impossible. On paper, the joint is neat and effective and adaotable 
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to almost any case. Unless rigid inspection in the shop and field is maintained, the actual joint 
is likely to be disappointing. The bearing edges of all tables should be milled; the holes in the 
tables should be drilled, and tight riveting secured. Careless and inferior workmanship in the 
steel shop on the metal splice plates is to be expected. 

The shear pin splice is effective and simple; its greatest drawback is the effect of shrinkage 
in the timber which will allow the pins to become loosened. This splice should not be used 
with unseasoned or partially seasoned timber, unless it is absolutely certain that the bolts will 
be kept tight as the timber seasons. 

The bolted wooden splice is effective, but cumbersome, and unsuited for large stresses, 
due to the unusual size of bolts. 

The modified wooden bolted splice is satisfactory for comparatively small stresses and 
when rigid inspection can be counted upon to see that the bolts are driven in close fitting holes. 
For large stresses, the required number of bolts will be excessive. 

Architectural appearances may prohibit certain types of splices as being unsightly. The 
bolted steel fish plate splice and the tabled steel fish plate splice are the neatest in appearance, 
and for this reason are extensively used in exposed work. 

121. Compression Splices.—Compression splices naturally divide into two divisions: 
(1) those joints which take only uniform compression at all times, and (2) those joints which, 

while compression is the principal stress, may be 
called upon at some time to take either flexure, or 
tension, or a combination of both. 

Some of the compression splices used in construc¬ 
tion arc shown in Fig. 130. These joints, in the order 
lettered, are (a) the butt joint, (6) the half lap, and 
(c) the oblique scarf. 

The butt joint differs from all the other joints 
in that it has but one surface of contact. For this 
reason, it is superior to all the others, where uniform 
compression alone is to be transmitted. The efficiency 
of all the other joints depends wholly upon the skill 
and care of the carpenter who frames the joint. In 
other words, the butt joint for the condition named 
is the simplest, and therefore the best. Indeed, the 
splice plates, if bolted, or bolted and keyed, may 
make the butt joint suitable for carrying both tension and flexure. 

The oblique scarfed splice is stronger in flexure than the half lap. In the half lap joint, 
however, there is more timber in straight end bearing than in the oblique scarf. 

In constructing compression joints in timbers which are vertical in position, the bolts 
through one end of the splice pads, if such exist, should be placed after the upper timber has 
come to a bearing on the lower timber; otherwise the bolts may receive a heavy load before the 
timbers come to a full bearing. 

122. Connections Between Joists and Girders.—When possible, joists should rest upon 
the tops of girders, and not frame into the sides of the girders. The former construction, 
however, involves a loss in head room in a building, increased height of building walls and 
columns. It also involves more shrinkage, since the shrinkage is directly proportional to the 
depth of timber. In the case of a building with masonry walls and timber interior, the construc¬ 
tion of joists resting upon the girders will, with green or unseasoned timber, result in unequal 
settlement of the floors. The inner ends of the outer floor bays will settle the amount of 
shrinkage of joist plus girder, while the outer ends will settle only the amount of shrinkage 
of the joists, since the joists frame directly into the masonry. The considerations of equal 
settlement and gain in building height will usually dictate the use of joist hangers in a building 
with heavy masonry walls. 

In a building of the mill-building type with wall posts and girders, and eorrugated steel 
or wooden sheathed walls, the increased height due to framing the joists on top of the girders 
will be offset by the saving in the cost of joist bangers* 




Fig. 130.—Compression splices. 
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The joists should extend over the full width of girder, and be toenailed into the girdete* 
When the joists break over the girders they should lap at least 12 in. and be well spiked togethei'. 
Solid bridging of a depth equal to the depth of the joists, and of a width not less than 2 in., is 
usually placed between the joists, and directly over the center of girder. Such bridging holds 
the joists firmly in position, and also acts as a fire stop. This construction is shown in Fig. 131. 

122a. Joists Framed into Girders.—In very light construction the joists, when 
framed into the sides of a girder, are sometimes only toenailed. In other cases, especially 
when the joists frame into only one side of the girder, such girder built up of several vertical 
pieces, the outer piece is spiked into the ends of the joists, as in Fig. 132. All such joints are 
makeshifts, and extremely unreliable. As has been pointed out in a previous article (see Art. Ill), 
nails driven into the ends of timbers—i.c., parallel to the direction of fibers—have a low strength. 
Further, there is always the danger of the nails thus driven causing the joists to split. 

Sometimes a strip is nailed or bolted to the sides of the girder, upon which the joists rest, 
as in Fig. 133. If properly designed, such strips will be not less than 4 in. wide and 4 in. deep, 
bolted, not nailed to the girder. The bolts should be sufficient in number to take the reaction 
of the joists, and should be not less than 2)4 ii^* from the bottom of girder. 

Illustrative Problem.—Given a floor bay 14 X 16 ft.; live load of 60 lb. per sq. ft.; girders spanning the shorter 
side of the floor bay. Assume double thickness of flooring l>in. T and G finished floor over l~in. rough floor. 
Working fiber stress is flexure 1600 lb per sq. in.; working unit stress in longitudinal shear 150 lb. per sq. in.; 
working unit stress in cross bearing 300 lb. per sq. in. 



Fio. 131. Fia. 132. 

Weight of floor construction, exclusive of girders: 

Flooring. 

Joists. . 

Bridging. . 



Fig. 133. 



Fig. 134. 


6 

5 


Total dead load. 12 

Live load. 60 


Total load. 72 lb. per sq, ft, 

W^th joists 16>in. centers, and counting the clear span for joists as 15 ft., the following figures result: 

Total load on one joist — (15)(lH)(72) -■ 1440 lb. 

Bending moment - (>^) (1440) (16) (12) ■■ 32,400 in.-lb. 

32 4()0 

Required section modulus “iqoq “ 

Assume joist 2 X 10 in., actual section IH X 9Mt actual section modulus 24.44. 

For a 15>ft. span, this sise is the minimum for deflection. In the computation for girder sise, the live load 
aoay be reduced 20 %, making total load 60 lb. per sq. ft. 

Load - (14) (16) (60) - 13,4401b. M - (H) (13,440) (14) (12) - 282,000 in.-lb. 

Required section modulus — 5 * ■ 176. 

An 8 X 14-ia., finished section 7}4 X 13H, has a section modulus of 227.8. An 8 X 12-in. girder, finished 
sise 7)4 X llMf would have a section modulus of 165 under the required amount. The reaction of one joist is 

720 

720 lb., requiring a bearing area of ^ 2.4 sq. in. The bolting strip will be 4 X 4 in. 4^-in. bolts wiO be used, 

and the working load per bolt will be taken at 900 Ib.^ Since the load per linear foot of girder is 16 X 60 "• 960 
900 

lb., the bolts must be spaced gg^Cl^) ■■ 11 in. centers, or 13 bolts per girder. 

In the above illustrative problem, the depth of joist plus the depth of bolting strip just 
equals the depth of girder. This relation does not always hold, as girder depth is often but 
little more than the depth of Joist. To avoid having the bottom of joists lower than the girder, 
joists are often notched as shown in Fig. 134. Such construction is not good, since the strength 
of the joists is greatly reduced by notching. The joists tend to split in the comer of the notch, 
due to the difference in stiffness on either side of the vertical cut. 

i From Table 21, p, 344, HAn. bolt ** double shear " with 4 aud 8-in. timbers, good for 1465 U». in and bceiliig«.' 

H X 1465 915 it». 











256 


HANDBOOK OF BUILDING CONSTBUCTION 


[S4se. 2r^im 


In some eases, the ends of the joists are framed with tenons fitting into socket or recesses 
cut into the girder. This type of framing is to be condemned on account of the serious weaken*- 
ing of both joist and girder. 

122&. Joist Hangers.—The most satisfactory manner of framing joists into the 
sides of girders is by the use of joist hangers. There are many stock types of these, among 
which may be named the Duplex, Van Dom, Ideal, Lane, National, and Falls. Some of these 
different types are shown in Figs. 135 to 138 inclusive. A stock joist hanger should not be 
used without investigating carefully its strength and the amount of bearing given to the joist. 
Referring to the figures illustratmg the different types, the fact should be noted that the Duplex 
hanger will result in less settlement of floor than any of the other types, since the connection of 





Fig 136 —Duplex Pio 1.J6—Van Dorn patented Fig 137 —' Ideal’ 
;oi8t hanger steel joist hanger single hanger 



Pig 138—‘ Falls” 
joist hanger 


this hanger, unlike all the others, is on the side of the girder, and, hence, is affected by the 
shrinkage of one-half instead of the whole depth of girder. The published tests of joist hangers, 
as given in the various manufacturers^ catalogs, will bear close scrutiny. Often in the effort 
to prove the merits of the particular hanger, the exact loads carried by one hanger are not always 
clear. Sometimes, also, hardwood is employed in the tests, in order to avoid failure of the 
joist by crushing of the fibers. The Duplex hanger unquestionably has many advantages over 
other hangers. It is practically certain that all the other hangers will fail by the hooks over 
the girder crushing the fibers of the timber on the comer of the girder and then straightening 
out. 

122c. Connection of Joist to Steel Girder.—When steel girders are used with 
timber floor joists, the types of connection are similar to those discussed for wooden girders. 




Fig. 140. Pig. 141. 


t.e,, the joists may frame on top of the steel girder (usually an I-beam) or into the side of the 
girder. 

Buildings with this combination construction, in which the joists simply rest on top of 
the I-beams, without any attachment whatever, are sometimes seen. In such cases, the I- 
beam is supported laterally only by friction between the timber and steel. This practice is to 
be avoided. To secure a definite connection between the joists and girder, a wooden strip may 
be bolted to the top flange of the I-beam, and the joists toenailed to this wooden strip, as in 
llg, 139. The principal objection to this construction is the weakening of the I-beams from the 
holes punched through the flange. 

When the joists frame into the sides of the I-heams, they are often, for light loads, supported 
by the lower flanges of the I-beam, as in Fig. 140. Obviously the weak point of this detail is 
the small bearing of tbe joist on the steel. To overcome the difficulty, timbers may be cut to 
rest snugly against the flange and web, and bolted throui^ the web. The jolatB may then be 
nailed into these timber strips, as illustrated in Fig. 141. The smarting timber should be of 
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safSlciBat width to extond under and beyond the vertical cut of the notch in the ftKT 
upper flange. 

A serious diflSculty in constructions of this nature is the problem of supporting the flootiiiff 
over the upper flange of the l->beam. If such flooring rests on the joists and the upiNsr flange 
of the I-beam, the shrinkage of the joists will produce a high place in the floor over all the steel 
beams. Toovercomethisdifficulty small strips, say of X 2-m. timber, may be sinked to the 

rides of the joists to carry the floor over the girder. 

Joist hangers, notably the Duplex and Van Dom hangers, may be obtained for connection 
between timber joists and steel girders (see Figs. 142, 143, and 144). The method of support 
shown in Fig. 141, however, will be found very satisfactory and generally cheax>er than the joist 
hangers. 





Fig. 142 —Van Dorn Fig 143.—Duplex I-beam hanger. 

I-beam hanger. 


Pig. 144—Duplex 
* I-beam box. 



123. Connections Between Columns and Girders.—The connection between timber col¬ 
umns and girders involves consideration, not only of strength of columns and of supports for 
the girders, but also of general stiffness of the building, since the posts and girders are generally 
counted upon to form the structural frames for resisting lateral forces, as wind and vibration 
of machinery. Columns always splice at or near the floor lines, hence the connection of girder 
to column includes the consideration of column splice. Continuity of the columns is always to 
be sought, both from the standpoint of stiffness and reduction of shrinkage. In total, the ob¬ 
jects to be gained in the connection of girders and post are: (1) continuity of column for stiff¬ 
ness and reduction of shrinkage; (2) reduction of column area from a lower story to an upper 
story as determined by floor load; (3) sufficient bearing area for girders on the supports; (4) 
continuity of girders at the 
column for stiffness; and 
(5) provision for girders 
releasing from column, in 
ev'-ent of a serious fire, with¬ 
out pulling the column down. 

All these provisions are not 
attainable in every case, and 
the nature of the building 
may not warrant the ex¬ 
pense of securing all these 
objects. 

In the discussion of this 
subject, a distinction must 
be made between the ordi¬ 
nary building, including both frame buildings and buildings with masonry walls, or cor¬ 
rugated steel walls, and the special type of building known as ‘‘mill construction" or “slow- 
burning construction" (see chapter on “Slow-Burning Mill Construction" in Sect. 3). The first 
class consiBts of those buildings which have the ordinary joist and girder construction, either 
with or without plastered ceilings and interior columns encased with lath and plaster. This 
class will be treated In the following paragraphs; the details for the special t 3 rpe of “mill con¬ 
struction " are discussed in Sect. 3. 

For the purpose of illustrating these principles, some details of connecticm of columns 
and girders will be briefly discussed. Fig. 146 shows three defective details, which, neverthriess^ 
r/ 



Fig. 145.—Defective details of column and girder connections. 
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are oftsii seen* It is almost oertam that in Mg. 146 (a) the girders have not sufficient beanng 
across the fibersi and that with full load, crushing will result. In (b) the bottom of the upper 
post will crush the fibers of the upper side of the girder, and a worse condition will prevail under 
the bolster, unless the latter is hardwood. Even then, if the posts are not working at a very j 
low unit stress, crushing of the bolster will result. The shrinkage in both (a) and (h) will be 
considerable, and nearly double in (b) what it will be in (a). The detail of (c) with the upper 
post resting on a hardwood bolster is the best of the three details, although shrinkage has not 
been eliminated. 


For many buildings, the details shown in Mg. 146 will provide satisfactory connections. 
All of the desirable conditions enumerated previously are fulfilled, with the exception of release 
of girders in case of fire. The vertical bolster blocks are set into Xhe lower post and bolted, or 
bolted and keyed to the sides of the column with circular pins or with rectangular iron keys. 
In each of the three details, the girders may be given sufficient end bearing by properly propor¬ 
tioning the thickness of bolster block; 
the bolster has end bearing on the post, 
and no timber in cross bearing intervenes 
between the two sections of post. Partial 
continuity of post, sufficient for general 
stiffness of building, is secured by means 
of timber splice pads in detail (c), with¬ 
out sacrificing the girder ties. The splice 
plates of the girder across column may be 
of steel. This will avoid the use of 
wooden fillers under the girder splice 
pads. A further modification of these 
details to allow the girders to release in 
case of fire may be made by using dog-irons instead of the girder 
splice pads. 

The section of bolster is to be determined by requirements of 
girder bearing; the amount the bolster is set into the post by com¬ 
putations for end bearing; its length should be not less than 12 in., 
and preferably not less than 16 in. The size of bolts may be deter¬ 
mined by taking moments about the center of the bearing on the post. 
The keyed and bolted bolster is proportioned as for the shear-pin 

tension splice. 





Fig. 


, _46.—Detailfl of column 
and girder connections. 


llliistrattTe Problem.—Assume the problem of Art 122a. Floor bay 14 X 16 ft., girders 8 X 14 in., joists 
2 X 10 in., first story height 16 ft. Assume the detail to occur at the second floor of a four story building. The 
load in the upper column will be taken at 30.500 lb., the first story column will then take 30,600 lb. plus the second 
floor load* The live load will be 60% of 60 36 lb. per sq. ft, which, with a dead load of 12 lb. per eq. ft. 

win give a total unit load of 48 lb. per sq. ft., and a total increment of column load for the second flour of 10,800 
lb. The first etory column load will then be 41,300 lb. The upper column section will he made an 8 X 8-in., 
and the lower section a 10 X 10 in. The girder reaction is 6720 lb. (For design of girder and its connections, 
live load is 80 per cent. (60) 48 lb. per sq. ft.) At 300 lb. per sq. in. the required bearing and thickness of bolster 

must be 22.5/7.6 «■ 3 in. The bolster sise will be made 5H X X 1 ft. 4 in 

The required area in end bearing is 4.2, or with a width of 9^^ in. the bolster must be set into the post 

4.2/9.5 m 0.44 in. Actually the dap will be made H in. The upper bolts will be placed 3 in. below bottom of 
girder. Taking moments about the center of bearing of the bolster on the dap, and nei^lecting the lower bolts, 
M •* (5720) (2^> w 18,500 in.-lb. This overturning moment will be resisted by compression of tbe lower portion 
df tbe bolster against the post, and tension in the two upper bolts. This pair of bolts is 13 in. above the seat of 
tbe bolster in the post, and the effective lever arm of these bolts may be taken at K of their height above the bolster 
sebt. The tension in either of the two bolts is then 


18,500 

(2)(18)(»4) 


0501b. 


Tbe marimttin intensity of pressure between the bolster end post need not be ipvest}|Eeted, #8 it wjji) bp yerg small 
edUbt tbe of bolster qeed, 
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Attention is called to the details of Pig. 146, in that the normal spacing of the joists h.s# 
been modified at the posts, to bring a joist either side of the post. When these joists are either 
i^iked or bolted to the post, and in addition a short piece of joist is spliced across the butt 
joint of the joists where such joint occurs at the post, a simple and inexpensive oonstnicticoit is 
secured which gives considerable stiffness to the building frame. 

123a« Post and Girder Cap Coxmections.—The bolster connections above dis¬ 
cussed are usually impractical to employ, if ceilings exist, as the bolster will project beneath 
the ceiling line. In such cases, and in other cases where the above construction may be deemed 
unsightly, metal post-caps of cast iron, wrought iron, or steel are used. Standard post-caps, 
usually of pressed steel, are made by the manufacturers of joist hangers, and may be purchased 



F.o 149.-Daplex rtad post cp. 


in stock sizes. Typical details of girder and post connections, using standard post-caps, are 
given in Figs. 147, 148, and 149 taken from manufacturers* catalogs. The prices of these caps 
based on the unit cost per pound of steel are rather high, and it niay often be possible to build 
up structural post-caps that will give satisfaction at a lower cost. Sometimes short pieces of 
I-beams or heavy channels, unsuited on account of length for any other purpose, may be pur¬ 
chased cheaply, and used for post-caps for cases in which it is only necessary to frame girders 
mto two opposite sides of the posts) in other words, in the case of a two-way connection. 

A four-way post-cap is one which provides for beams on four sides of the posts. Four- 
way post-caps with joist and girder construction 


always result in unequal settlement of the floor. 

The joists, being supported on or by the girders, 
will settle an amount equal to the shrinkage in the Dog trom 
depth of the girder, while the joists framing into 
the post and resting on the post-cap will not settle. 

The use of joist hangers between joist and girder 

will not do away with this settlement, although 

the use of that type of hanger which connects into n 

the approximate center of the girder will reduce k 

the settlement to that due to the shrinkage of 

one-half the depth of girder. 

Cast-iron post-caps must be carefully de¬ 
signed to take care of the flexural stresses. A 150 —] 
typical cast-iron post-cap is shown in Fig. 150. w 



Fig. 150—Details of column and girder connection 
with special cast-iron post cap. 


XUfistrative Problem.-^AB8ume girder 12 X 16-in. on a 14-ft. span, upper story post 12 X 12 in. and lower 
story poet 14 X 14 in. The actual section of aised girder will be IIH X 15H. Using a working stress of ISOOlb. 
per sq. in., the safe load is 30,469 lb., say 40,000. The reaction is then 20,000 lb. At 300 lb per sq. in., the re¬ 
quired bearing area is - 67 sq. in. With a widtn'of 11>^ in., the cop must nave a seat - 5.8 in. long, 

•ay 6 in., and will project 5 in. over the face of the 14 X 14-in. post. The moment on the post^cap may be assumed 
to be a maximum at the edge of the upper story ptmt, with a value Af » (20,000) (3) 60,CK)0 m.-lb. For oast 

iron, the working unit stress in flexure be taken at 4(X)0 lb. per sq. in. The required section modulus of cap 

must therefore be 15. The sides of cap form two beams of rectangular section resisting this moment. 

Assuming a thickness of metal of 1 in., the depth of side must be d - V(7^)(6) » CH in. The thicknees of seat 
must now be computed. With a uniform beumg, the seat may be computed as a beam with fixed ends, or AT ■■ 
(Hs)(WI); the projecting width of plate is 5 in. The load on this portion is H X 20,(MX) 16,667 lb. The 
length uHU be taken at 12J4 in., or between the centers of sides. Therefore Af (Hs) (1^667) (12H) ** 17,800 

la**lb. The seotloa ttodiilus required is- ^^ * 4.34. The width being 5 in., the depth must be d « 
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- 2 28 in The bnae muni thwefur® be supported by ribs. Two ribs will be introduced, the besring piste will 
now be sssumed to take only one-half ol the bendings one-half the load being transmitted by the ribs to the vertieal 
collar around the post. The thickness of base and collar must then be sufficient for each to sustain 66i50 iiu«lb. 
ffinoe both the projecting seat and the collar are fixed along one edge, the allowable unit stress in bending will be 

increased 60%. The required section modulus is then « 1.39, or with a width of 6 in . the required thickness 
is 1 29. A thickness of IH in will be used 


SPLICES AND CONNECTIONS—STEEL MEMBERS 


By Wm. J. FujLLKa 

124. Rivets and Bolts.—A rivet is a short piece of cylindrical rod (usually soft stqel) 
with one end, called the head, larger thfin the body or shank (see Fig. 151). Rivets are made 





Fig. 151 


Pig 152 


Fig. 163. 


by feeding rods, that have been heated to the proper temperature, into a rivet machine. The 
machine forms the head and cuts the rod off to the desired length. Different kinds of rivets 
may be made in the same machine by using the proper header and dies. To produce satisfactory 
rivets the dies used must be kept in perfect condition, and the bars must be heated to the proper 
temperature. If the dies become worn, the rivet is apt to have a shoulder inhere the head 
and shank meet (see Fig. 152). Also, if the inner edges of the dies do not meet, the rivet 
will have what is known as a fin on each side (see Fig. 153). Rivets having these defects are 
not sarisfactory when driven, as the heads will not fit tight against the member. 
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Fig. 154 Couveotieme] rivet eigne. 

Riveta an used not only to connect the diffenat parts of buQt-ap steel sections, such as 
eohnniu and giiden, bat also for making the connections between diffeient stractutal memben. 

IMa. Xiads, Dimensions, and Sises oS Sivets. Kindt .—^Two classes of liveis 
are oaed in straetuial steel wodt: namdy, the button head and the eountenunk head (see F!g, 
101), HhS huttott head tiset, which is almost entiredy for all structural woric, has a haad 
wl^ is hemiieiterieal. The countersunk head is flat and is made to fit a oountiasunk hole. 
It ihoHld not hi used eoteept when a flat nufisee is deiied or when a buttan head would hitftilste 
jdl^ some number. When the dedted elearance cannot be Obtained beonuse of a fhll buMdfi 
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head on a xivet^ the head l^e rivet may be flattened. Sufi&cient clearance, of course, cannoit 
always be provided in this way, but where the flattening of a button head is all that is neoesaary, 
the riveting is usually more efficient and less expensive than if a countersunk rivet were used* 
In case a fiat surface is desired, it is necessary to chip the head of a countersunk rivet, sinee 
after driving, this kind of a head extends about % in. above the surface. 

In order to show on a drawing whether a full button head, a flattened head, or a countersunk 
head is to be used, certain conventional signs have been adopted. Fig. 154 shows the Osborne 
system which is used almost entirely in this country. 

Dimensions, —There is no standard shape for rivet heads, but the shapes found on the market 
do not differ greatly. Rivets are sometimes made with special shaped heads such that when 
driven with the proper die the tendency will be to first upset the shank. This is desirable as 
the hole should be completely filled even though somewhat irregular. Table 1 gives dimensions 
for finished rivet heads. 

Tablk 1.*—Genekal Formulas jrua Proportions of Rivets, in Inches 

Full driven head, diameter a 1.5d 4* H in- 
depth b 0.425a 
radius e — 6 
radius e 1.66 
Countersunk head, depth / » 0.5d 

diameter g «> l.577d 
All Dimensions in Inches 


Sizes .—Rivets vary from to 13^^ in. in diameter 

and, except in s]>ecial cases, arc made from soft steel. 

Most structural work requires either % or K-in. 
rivets. Smaller sizes are used in light work while 
larger sizes are used only in very heavy construction. 

As a general rule rivets should not be of less 
diameter than the thickness of the thickest .plate 
through which they pass. 

The diameter of a rivet should not be greater than 

1*4 of the width of member connected. 

Rivets as large as in. should not be used if they are to be driven by hand, as they cannot 
he driven tight. (All shops do not have the required power to drive the larger rivets properly.) 

The diameter of a rivet should not be less than yi of its grip as tests show that the strength 
of a joint decreases when the total thickness of inotal increases beyond four diameters of the 
rivet used. In such cases specifications usually require the number of rivets to be increased 
1 % for each Ks metal greater than four diameters. 

The size of rivet that should be used in any given case depends on the sizes of the members 
to be connected. As a general rule, a ^-in. rivet is the maximum that should be used in the 
flanges of 6 and 7-in. channels and I-beams, and in 2-in. angles; %-iri. rivets may be used in 
all larger sized channels and I-beams and in all angles over 2yi in. In all I-beams over 15 in., 
all channels over 10 in., and in all angles over 3 in., rivets may be used. In unimportant 
connections, ?i-in. rivets may be used in angles, and J^-in, rivets may be used in 3-in. 

angl^* 

Not more than one size of rivet should be used in the same structure in order to avoid mak¬ 
ing changes in the punching and riveting machines and also to make unnecessary the rehandling 
of the dhSferent mmbers. 

Oiannelft and l-beama, however, have to be rehandled when holes are punched in both 
the flange and web because a special die is required in punching the flange on account of the 
Hlope. In cases of this kind, when the holes in the web are larger than are permitted in the 
flange, a smaller punch may be used for the flange without causing extra handling. 

* Prow JPoekti CoiniNiiiliott, SOth •dithm, Csrn«tie Steel Co., PittebUtiii, Pa* 
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1246. Grip of Rivets and Bolts.—The grip of a rivet is the total thickness of 
metal through which it passes (see Fig. 155). In computing the length of shank required, the 
roughness of the parts connected should be considered and the grip increased accordingly. 
The amount to be added varies in different shops and is from Hz in. for each joint between 
members to He in. for each member. Thus, the total length of shank is the thickness of ma^ 
terial plus the amount assumed for roughness of members plus the length of shank necessary 
to form a head. The grip should bo taken to the nearest H in. Table 2 gives the required 
length of shank for different grips and sizes of rivets. 

Table 2.'—Strtjctdkal Rivets 
American Bridge Company Standard 

Lengths of Field Rivets fok Various Grips 
(Dimensions in Inches) 
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In case bolts are used, the length is the grip, plus K in., plus the thickness of nut, plus the 
thickness of washers. Table 3 gives the dimensions for bolt heads and nuts. 

Table 3.^—Bolt Heals and Nuts 
American Bridge Company Standard 



124c. Rivet Holes.—Rivet holes may be punched to size, sub-punched, and 
reamed, or drilled from the solid. For all ordinary work satisfactory results can be obtained 
if a reasonable amount of care is taken in laying out and punching the holes. All holes should 
be Ks in. larger in diameter than the nominal size of rivet used; that is, Jfe larger than 

the diameter of the rivet shank before heating. This will allow the heated 
rivet to enter the hole. 

When metal J 4 in. thick or more, is used, or when the thickness of metal 
is greater than the diameter of the rivet, the holes should be drilled ( 1 ) because 
punches often break when the thickness of metal is greater than the diameter 
of the punch, and ( 2 ) because the punching of the holes injures the metal more 
or leas around the edge of the hole, the thicker and harder the metal, the greater 
the injury. It is on account of this injury that holes are specified on impor¬ 
tant work to be sub-punched % in. less than the diameter of the rivet and 
reamed to in. larger, or to be drilled from the solid. When holes are sub-punched and re¬ 
amed, the reaming is usually specified to be done after the structure is assembled, thus insuring 
well matched holes. 

Punched holes do not always match and in such cases a reamer should be used to line them 
up instead of using a drift pin (see Fig. 156) and a sledge hammer as is often done. Although 
drift pins (which are tapering circular steel tempered rods) are necessary in assembling, yet 
their use in lining up holes, which do not match, should not be allowed because of the injurious 
effect on the metal around the holes. Reaming out holes which do not match should not be 
considered as reamed work because only part of the metal in part of the holes is removed. 

Holes for countersunk rivets are punched or drilled in the same way as for button head 
rivets; the hole is then countersunk—^that is, reamed out on a bevel to the required depth. 

124d. Location of Rivets—Ga^c.—A gage line is a line parallel to the length of a 
member on which open holes or rivets are located. Gage is the distance between gage lines 
or the distance of a gage line from some surface, such as the back of an angle or channel. Fig. 
157 shows both the gage and gage lines on an angle. Tables 4, 5, and 6 give the standard gages 
for I-beams, ang W, and channels, respectively. The dimensions of channels and I-beams 
as manufactured by the different companies vary slightly; also the gages as given in the different 
manufacturers’ handbooks. 

PtfcA—Pitch is the distance center to center of holes on a gage line, and b indicated by pim 

167. 

tPtmuL Poohil CompMoloa. 20th edition. Cainoglo Steel Oo., Pittabursh, Fa. 








TABUi 4.^ —Stakbakd Gages and Dimensions fob Beams 
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Edge DitUmce .—The distance from a hole or rivet to the edfe 
of a member is called the edge distance (see Fig. 157), 
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Tablb 6.‘—Standard Gagbs and Dimensions for 
Channels 

Nominal dimensions are: flange width and ** o** in eighths, web 
thickness in sixteenths. Gages for connection angles are determined 
by web thickness 

Standard gages may be varied if conditions require. 



Rivet Spadngr^BiveitB are spaced according to rules which have been derived from ex¬ 
perience and the following may be considered as standard: 

The minimum distance between centers of rivet holes is usually specified to be not less 
than three diameters of the rivet; but the distance shall preferably be not less than 3 in. for 
K*in« rivets, 2)4 in. for ^-in. rivets, 2 in. for %-in. rivets, and in. for rivets (see 
Table 7). The maximum pitch in the line of stress for members composed of plates aod shapes 
1 From Pofikst Coiiijpasi9<D. 2Ptb oditioo^ Carnegie Steel Oo^ Plttebnrgh, Psr 
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is sometimes specified to be 16 times the thickness of the thinnest outside plate 
with a maximum of 6 in. The following spacing is preferable: 6 in. for %-in. 
rivets, 5 in. for J^-in. rivets, 4H in. for J^-in. rivets, and 4 in. for J^-in. 
rivets. 



Fig. 158. 


Table 7.—Minimtjm Rivet Spacing—All Dimensions in Inches 



For angles, in built sections, with two gage lines, with rivets staggered, the maximum pitch 
p (see Fig. 158) in each line may be twice as great as given abov(‘. Table 8 may be used in spac¬ 
ing rivets on two gage linas. The accompanying diagram^ (Fig. 159) by Louis Metzger, C. E.. 
may be used for the same purpose. 


Pitch Lines In Inches (a) 



Fio. 159. 


XUttttratiTe Problem.--*Suppose that g in Fig. 160 is 2 in., what is the minimum value of p that ean be used for 
H-in. rivets? 



Fio. lea 


Table 8 shows that tor g 2 in., p should be in. 

Fig. 150 shows that for g •- 2 in., p should be l^Hs in. A value of 1^ in. would be 
used, as rivet spacing should not be given in 16ths when it is possible to avoid it. 

When two or more plates are in contact, rivets not more than 12in. apart in 
either direction shotdd be used to hold the plates together. 

Hie minimum distance from the center of any rivet hole to a sheared edge 


should not be less than IJ^ in. for %-in. rivets, in. for Ji-in. rivets, IH ua* for ^-in. rivets, 


1 gng. Jan. 11, 1918. 
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and 1 in. for rivets; and to a rolled edge 1 and ^ in. respectively. The maximum 

distance from any edge should not be greater than eight times the thickness of the plate. 

The pitch of rivets at the ends of built compression members should not exceed four 
diameters of the rivets for a distance equal to one and one-half times the maximum width of 
the member. 


Table 8.‘—Distance Center to Center op Staggered Rivets 


(Values of at for varying values of o and p) 
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(in ) 
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124e. Driving of Rivets—Field and Shop.—Rivets driven in the shop are called 
shop rivets and those driven in the field are known as field rivets. 

Rivets may be driven by machines or by hand. Hand rivet¬ 
ing is resorted to only when a rivet is so located that it cannot be 
driven by a machine; also on small erection jobs where the expense 
of providing power would be too great; and in shops when a few 
rivets have to be driven after the member has been removed from 
the riveter. 

The process of driving a rivet is as follows: The rivet is heated 
to the proper temperature, inserted in the rivet hole and while the 
head is held tight against the member, a head is formed on the 
end of the shank extending out to the hole (see Fig. 161). 

In hand riveting the end of the shank is hammered down in the shape of a head, then a 
hammer, called a snap, the head of which is cup shaiied, is placed over the rough head and ham* 
mered until the head is of the proper shape. A dolly bar, which has a cup shaped face, is held 
against one head of the rivet while the other head is formed. 

Machine riveters may be operated by compressed air, steam, or by hydraulic power. 
Compressed air riveters are portable, while steam and most hydraulic riveters are stationary. 
Power riveters may be either direct or indirect acting; by means of a direct acting riveter it is 
possible to keep the full pressure on the rivet as long as desired. Very satisfactory work can 
be perfomed by the pneumatic riveting hammer which delivers very rapid but comparatively 
light blows. 

Loose Rivets ,—Rivets are^not always tight, as they should be, after driving. When a loose 
rivet is found it should be removed, if possible, and another driven in its |daoe. Of ommOf 
if a rivet takes no definite stress and is so located that it is dffimilt to get at, judgment should 

i From Pocket Compoaloo, SOtk edition, Carnegie Steel Co., Fittebitigli, Pe. 
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be used as to Wliether or not it should be removed. Loose rivets can be detected by 
the riyet head with a hammer. 

Clearance.*—It is not possible to drive a rivet unless there is ample clearance for the die 
on the riveter. The required clearance varies with the size of the rivet (see Figs. 162 and 163). 
Tables 0 and 10 give the rivet spacing necessary for driving different sizes of rivets. 



Fig. 162 Fig 163 Fig. 164. Pig. 165. 


When au angle is crimped over a member the spacing used should not be less than that 
given in Fig. 164. 

124/. Rivet Failures.—If in Fig. 165, the forces P are assumed to act in the 
directions indicated by the arrows, bar A will move to the left and bar B to the right. Suppose 
that before the forces P are applied, the bars are riveted together. Now if forces P are made 



Fig. 166. Fig. 167. Fig. 168. 


large enough, the bars wUl move as indicated in Fig. 166 and the rivet is said to have sheared 
off in single shear. If three bars are used, as shown in Fig. 167, and the forces are made large 
enough, the rivet will shear off again, but this time on two planes (see Fig. 168), and the rivet 
is said to have failed in double shear. 

Failures as shown in Fig. 166 and 168 will occur pro> 
viding the bars are wide and thick enough and the rivet is 
far enough from the ends of the bars. Suppose that bar 
A in Fig. 165 is not as thick as bar B; then instead of the 
rivet shearing off, the failure might occur as shown in Fig. 

169. In this case the rivet has crushed through the top 
bar. This is called a failure in bearing. If the bar is 
harder than the rivet, which is usually the case, the rivet will be crushed by the bar. 

124g. Shearing and Bearing Values.—Practically all rivets used in structural 
work have to resist stresses caused by shear, bearing, and bending. 

Tablb 9.^Rivet Spacing 
American Bridge Company Standard 
Minimum Stagger for Rivets 

(All Dimensions in Indies) 





^From v^mpaaioii", 20tb editieii, Caraecie Steel Oq„ Ptttebur^, Pa. 
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Tabus 10.’—Ci.baranc£ fob Coveb Platb RiVEnNo 


(Dimetisions in Inches) 
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The allowable unit stresses on rivets are not at all uniform throughout the country. Values 
for shear on shop rivets vary from 9000 to 12,000 lb. per sq. in. and the corresponding unit 
bearing values are usually twice those for shear. Values for field driven rivets vary from % to 
% of those for shop driven rivets. 

The value of a rivet in single shear is the area of the rivet times the allowable unit stress 
in shear and the double shearing value is just twice as great. 

Illustrative Problem.— What are the values for a rivet in sinsle and double shear when the allowable 

unit shearing stress is 10,000 lb. per sq. in.? 

The area of a f^-in. rivet is 0.442 sq. in., so the value in single shear is 

(0.442) (10,000) » 4420 1b. 
and in double shear it is just twice as much, or 

(4420) (2) » 8840 lb 

The bearing value of a rivet is the diameter of the rivet, times the thickness of plate, 
times the allowable unit stress in bearing. 

Illustrative Problem.—What is the bearing value of a ^-in. rivet on a >^-in plate if the allowable unit bearing 
stress is 20,000 lb. per sq. in.? 

The value is 

(?i)(M) (20,000) - 75001b. 

Stresses caused by bending are usually considered only in case of long rivets or when loose 
fillers are used. For long rivets a certain per cent, of the number of rivets required is added 
(see Art. 124a). When rivets carrying stress pass through loose fillers, the number of rivets 
should be increased 50 % and when possible, the extra rivets should be outside of the connected 
member (see Fig. 218, p. 288). 

Some specifications allow one-half the value of a button head rivet for a countersunk rivet 
if shop driven, and no allowance is made if the countersunk rivet is hand driven. A general 
rule is to allow half value for countersunk rivets in a plate ^ in. thick and over, and nothing 
when the plate is less than ^ in. thick. 

R. Fleming recommends the following rules:* 

Rivets with countersunk heads shall be assumed to have the value of corresponding rivets with full heads, 
but no value shall be allowed for countersunk rivets in plates of a thickness less than one-half the diameter of the 
rivet. 

Rivets with flattened heads of height not less than three-eighths of an inch, or one-half the diameter pf the rivet 
for ^^-in. rivets and less, shall be assumed to have the strength of rivets that have full heads. 

When heads are flattened to less than these heights, they shall be assumed to have the strength of countersunk 
rivets. 

Hie allowable unit stresses on turned bolts in reamed holes are usually the same as on 
field rivets. The value for machine bolts is considered to be three-quarters of those for turned 
bolts. 

Rivets vs. Bolts in Direct Tension.—Direct tension on rivet heads should 
not be allowed except possibly in unimportant connections. If rivets are used in direct tension 
the connection should be compact, the material amply thick, and the groups of rivets should 
be symmetrically arranged about the line of action of the pull on the connection. Not less than 

< From Pocket Comimiiion, 20th edition, Carnegie Steel Co., Pitteburgh, Pa. 

* See Sng, Nttpt, Sept. 14, 1916* 
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4 rivets should be used in a connection of this kind. The amount of stress on a rivet head alter 
the rivet is driven is uncertain; also the rivet may have been burned in heating or it may not 
have been driven properly. Rivet heads may sometimes snap off (1) on cooling after driving^ 
(2) in extreme cold weather, or (3) when struck with a hammer. Instead of using rivets in 
direct tension, it is better to ream out the holes and use bolts which have been turned to a driving 
fit. 

In case rivets are used, the value of a rivet should not be greater than one-half its 
single shear value. In using turned bolts, a value of 10,000 lb. per sq. in. on the net area 
at the root of the thread should not be exceeded. Also, the bearing area under both the 
head and nut should be at right angles to the axis of the bolt. 

124i. Use of Bolts.—Bolts are often used in place of rivets and for certain 
classes of work are preferable because they have proven to be satisfactory and are more 
economical.* 

The American Bridge Company allows the following unit stresses on bolts in building 
construction. 

9000 lb. per sq. in. in shear 
18,000 lb. per sq. in. in bearing 

The above values are for ordinary bolts in holes punched He in. larger than the size of the bolt. 

A washer under the nut will allow ample threading to tighten th(‘ nut properly. If a 
bolt is threaded too much, the bearing area will be reduced. After a nut is tightened up, 
some method of locking the nut should be used to prevent it from working off. ^ 

R. Fleming' makes the following suggestions for the uses of bolts: 

It is believed that bolted connections are permissible for the following: 

Buildings of one story, not of great height and acting mainly as shelters. Such buildings carry no shafting 
or electric traveling cranes and unless exposed to unusual winds there is little reason why field connections may not 
be bolted throughout. 

Buildings for temporary use. 

Subordinate framing such as that required for stairs, doors, windows, partitions, ceilings, monitors, pent houses, 
curbs and railing. It is often desirable, if not necessary, to have framing around windows, doors, skylights, and 
similar work bolted in order to secure proper adjustment for the work of other contractors. 

Purlins and girts, except where they form an integral part of a system of bracing. There is little reason why 
the clips to which purlins and girts are attached should not be shop-bolted, instead of shop-riveted, to main mem¬ 
bers. The same is true of many connections for subordinate framing. 

Platform and floor plates. If there are trucks mo\ing on the floor, or if there is shoveling of coal or material, 
countersunk-head bolts should be used. An indentation in the head is convenient to hold a bolt while the nut is 
being turned. In other cases bolts with button heads not over or ^ e in. high may be used. 

Connections of beams to beams and beams to girders in floors that do not support machinery, shafting or 
rolling loads. This is an important item in a many-storied office building or hotel. If the connections of floor 
members to columns are riveted the structure is stiff transversely and longitudinally. Little is gained in stiffness 
and much is added to expense by riveting connections of filling-in members. Moreover, in fireproof construction 
the bolts are embedded in concrete, a fact which should assure any doubter that there is no chance of nuts becoming 
loose. The specification for a 12-Btory apartment house in New York City has the clause: ** All connections within 
3 ft. of the column centers must be riveted. All tank and sheave beam supports must be riveted. Other connec¬ 
tions may be bolted.** In this particular building the beams upon which some columns depend for lateral stiffness 
do not connect directly to the columns, but frame a foot or two away into other connecting beams. Is not this a 
commendable clause for similar cases? 

Bracing connections not subject to direct stress. This refers particularly to the intersection of bracing angles 
midway between trusses and columns. An over-sealous inspector will sometimes insist upon specifications being 
carried out to the letter and that rivets be used. This nooessitates riveting from a special rigging at a cost of a 
dollar or two per rivet. The coet would not be a valid objection provided anything were gained by it. 

Connections not subject to shearing stress at points where members rest upon other members. 

125. Lap and Butt Joints.—^Joints in structural work may be divided into two kinds— 
vis., the lap joint and the butt joint (see Fig. 170). A lap joint is a joint in which the membexs 
joined extend over or lap on each other. A butt joint is one in which the ends of the members 
joined come together or butt against each other. 

The joints shown in Figs. 170(a} and 170(5) are eccentric and are acted on by the moment 
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PL The joints however, deform and the bars tend to take the position shown in Figs. 171 
and 172, This reduces the moment but causes some direct tension on the rivet heads. 

Eivets may be arranged in different ways. Fig. 173(a) shows what is called chain riveting 
and the rivets in Fig. 173(6) are said to be staggered. 

The butt joint with two cover plates makes the most satisfactory splice for bars and plates. 
It is also used for splicing both tension and compression members in a structure. Connections 
between the different members of a structure may be in the form of a lap or butt joint and very 
often take the form of what may be called a double lap joint (see Fig. 174). 





duffJomf Sfng^ 

(b) 


Pm. 170. 



Butt junf wifh hfo 
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126a. Failure of Joints.—A joint may fail (1) by shearing off the rivets (see 
Figs. 166 and 168), (2) by cnishing the rivets or plate (see Fig. 169), (3) by tearing across a line 
of rivets (see Fig. 176), (4) by breaking through a hole (see Fig. 176), or (5) by the rivets shearing 
out the plate (see Fig. 177). 

Pm. 172. 



( /K JT%. I /Tv 

tijr 

"w O ^ 
(^) 



The first failure may be prevented by using more or larger rivets; the second, by increasing 
the thickness of plates, or by increasing the number or size of rivets; the third, by making the 
plates wider, that is, increasing the edge distance; the fourth and fifth, by increasing the end 
distance. 

1266. Distribution of Stress in Joints.—^In a riveted joint or connection, it is 
not possible to determine just how the stress is distributed either through the members joined 



am 



ma 


Fro. 176. 


Pro. 170 


Fro. 177. 


or the rivets joining them. The following assumptions are made: (1) that the stress in tension 
members is uniformly distributed over the net section; (2) that the rivets in compression mem¬ 
bers completely fiU the holes, and that the stress is uniformly distributed over the gr^ area; 

(3) that each rivet takes an equal part of the stress. (For eccentric connections^ see 
Art. 130.) 

i25c. Fdetioa in Joints.—The stress on rivet heads due to shrinkage exerts 
great pressure on the members joined and causes friction between them, Tests^ on riveted 
* Twts on fhrvieS ioiat*. FrorowKnfi of Tbo Am* Ry. E»s* Maiat. of Way e« ISOS, p* 9T% 
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joints have shown that the frictional resistance amounts to several thousand pounds per sqtum 
inch of rivet area. In these tests there was practically no movement in the joint until consider¬ 
able load had been applied. For the next few thousand pounds increase in the load, there was a 
slight slip evidently due to an adjustment of the joint after the frictional resistance had been 
overcome. After this adjustment, the rate of increase in slip was less until permanent dis« 
tortion began. 

Frictional resistance is not considered in computing the strength of a joint. 

126d. Joint Computations.—The stresses on rivets in a joint are usually com¬ 
puted only for shear and bearing. Whether the strength of a joint is governed by shear or 
bearing depends on which gives the lesser value. The following problems are solved to show 
the method of procedure in computing the strength of a joint. In each case a ^-in. rivet is 
used and the allowable unit stresses in shear and bearing are 10,000 and 20,000 lb. per sq. in. 

XUustrative Problem.—Assume a lap joint composed of two H-in. bars (see Pig. 17S). Compute the strength 
of the joint. 

The rivet is in single shear and bearing on a bar The area of the rivet is 0.442 sq. in. and the single 
shear value is 

(0.442X10,000) « 4420 1b. 

The bearing value is 

(>i)(H) (20.000) - 76001b. 

Since the value in bearing is the larger, the strength is governed by the shearing value and is 4420 lb. 



Fia. 178. PiQ 179 


Illustrativo Problem.—Assume one of the ban in Fig. 178 to be in. thick Compute the strength of the 
joint. 

The shearing value remains the same as in the preceding problem and is 4420 lb. The bearing value is 

(^)(>i) (20,000) - 3760 1b. 

The bearing value governs since it is less than the shearing value, and the strength of the joint is 3750 lb. 

nittstrative Problem,—Assume a double lap joint composed of two bars and one bar (see Fig. 179). 
Compute the strength of the joint. 

In this case the rivet is in double shear and (since the sum of the thicknesses of the two outside bars is H lu.) 
bearing on a M-in. bar The value in double shear is 

(2) (4420) - 8840 lb. 

The bearing value on a bar is 7600 lb. The strength of the joint is, therefore, 7600 lb. 

Illustrative Problam.—Assume the Vi-hn. bar in Fig. 179 to be changed to a bar. What is the strength 
of the joint? 

The shearing value is the same as in the preceding problem, or 8840 lb. The sum of the two ^^-in. ban is 
greater than K in., so the ^-in. bar governs for bearing. The bearing value on the H>in. bar is 

(fiX^) (20,000) - 6626 lb. 

Since this value is less than the shearing value, the strength of the joint is 6626 lb. 

For members carrying stress, not less than two rivets should be used in a connection. 
This does not hold for lacing bars. 

Table 11 will save considerable work in computing the shearing and bearing values on 
rivets. The values computed in the above problems may be found directly from the table. 
At 10,000 lb. per sq. in., the shearing values in the table for a rivet are: single shear, 4420 
lb. ; double shear, 8S40 lb. At 20,000 lb. per sq. in., the bearing values are as follows: bearing 
m A {date, 7800 lb»; on a ^ 5025 lb, 

ti 
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lUuBtrative Problem.— Using the table for rivet values, determine the number of rivets required to 
oonaect the plates shown in Fig. ISO. The unit values in shear and bearing are 10,000 and 20,000 lb. per sq. in. 

The shear between plates 1 and 2 is 50,000 lb.; between 2 and 3 is 60,000 lb.; between 3 and 4 is 40,000 lb.; 
auq between 4 and 5 is 70,000 lb. 

The maximum shear occurs between plates 4 and 5, and is 70,000 Ib. From the table the allowable shear on 
a ^ 4 «in. rivet is 4420 lb. and the number of rivets required for shear is 


70,000 

'4420 


16 rivets 


The bearing value of a ? 4 -in. rivet on a 


For plate 3 
For plate 1 
For plate 5 


110,0 00 ^ 
7500" 
100,000 
“6560 * 

5 0,000 
‘4690 *” 
7 0,000 ^ 
■■6025 


> 2 -iu- plate is 7500 lb. and the number of rivets required for plates 2 or 4 is 
15 rivets 
10 rivets 

10 rivets /fixlok 
15 rivets Fia. 180 



From the above it is seen that if 16 rivets are used, all the shearing and bearing stresses will be taken care of. 

It will be noted that in this connection the tendency is to shear each rivet at four different 
sections. If plate 1 is placed between plates 2 and 3, the tendency will be to shear each rivet at 
three sections and the maximum shear will then be 110,000 lb. The rivets will be in triple 
shear. Thus it is seen that by properly arranging the plates the minimum shear on the rivets 
may be obtained. This consideration can very often be made use of in designing connections 
in which a number of plates are used. 

The shearing and bearing values for unit stress not given in the table may be found 
from the table as explained in the following illustrative problem. 


Illustrative Problem.—Suppose the allowable unit shearing stress is 7.500 lb. per sq. in. and the unit bearing 
stress is 15,000 lb. per sq in. Find the shearing value of a ?i-in. rivet and also the bearing value of a s-in. plate. 
At 7000 lb. per sq. in. the shearing value is 3000 lb. and at 8000 lb. per sq in., it is 3530 lb. 

3090 4* 3630 

Then at 7500 lb. per aq. in., the value is- 2 - " 

4590 + 6260 

In the same way the bearing value is found to be ^- *“ 4920 lb. 

The same results may be obtained by another method as follows; At 7000 lb, per sq. in. the shearing value is 
8090 lb. Then at 7500 lb. per sq. in., it is 3090 ** 3310 lb., and the bearing value is 4590 "* ^^20 

lb. 



Fig. 181. 


Fig. 182. 



Fig. 183. 


125e. Net Sections.—As the strength of a tension member depends on its net 
area, care should be taken in the arrangement of rivets so that the area will not be reduced 
more than necessary by the rivet holes. Consider the splice shown in Fig. 181. The area 
of the plate is reduced by three holes. By lengthening the splice plates (see Fig. 182) the rivets 
can be arranged so that the area of the plates will be reduced by only two holes. A better ar¬ 
rangement is shown in Fig. 183. Here the area of the plates is reduced by only one hole. In 
this case the area of the splice plates is reduced by three holes but it is much more economical 
to increase the area of the splice plates which are short, than the area of the main plates which 
may be of considerable length. Of course, there are cases in which a more economical splice 
may be designed if the rivets are so arranged that the area of the splice plates is not reduced too 
much (see Fig. 198, p. 280). 

In computing the net area of a member, the diameter of the hole is considered to be ^ in. 
greater than the diameter of the rivet used. For countersunk rivets the diameter of the holes 
is usually considered to be ^ in. ^ater than the diameter of the rivet when the thickness of the 
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member is ^ in. or less. Table 12 gives the areas in sq. ixu to be deducted for different sises 
of holes through different thioknesses of metal. 


Table 12. ^—Reduction of Area for Rivet Holer 

(Ajrea in Square Inches *- Diameter of Hole X Thickness of Metal) 


Thick¬ 
ness of 
metal 
Gnohes) 




Diameter of hole (inches) 





H 

Ms 

H 

^Ms 

M 

>Ms 

H 

^Ms 

1 ^ 

IKs 

IH 

He 

0 05 

0.09 

0.11 

0.12 

0.13 

0.14 

0.16 

0 16 

0.18 

0 19 

0 20 

0 21 

H 

0.06 

0.13 

0.14 

0.16 

0.17 

0.19 

0.20 

0.22 

0.23 

0.26 

0 27 

0.28 

He 

0.08 

0.16 

0.18 

0 20 

0.21 

0.23 

0.26 

0.27 

0.29 

0.31 

0.33 

0.36 

H 

0 09 

0.19 

0.21 

0 23 

0.26 

0.28 

0.30 

0 33 

0.35 

0.38 

0.40 

0.42 

He 

0.11 

0.22 

0.25 

0.27 

0.30 

0.33 

0.36 

0.38 

0.41 

0.44 

0.46 

0.49 

H 

0.13 

0.25 

0.28 

0 31 

0.34 

0.38 

0.41 

0.44 

0.47 

0.60 

0.63 

0.56 

He 

0.14 

0.28 

0.32 

0.35 

0.39 

0.42 

0.46 

0.49 

0.63 

0.56 

0 60 

0 63 

H 

0.16 

0.31 

0 35 

0.39 

0.43 

0 47 

0.61 

0 55 

0 59 

0.63 

0 66 

0.70 

^He 

0 17 

0.34 

0.39 

0.43 

0.47 

0.52 

0 66 

0.60 

0.64 

0 69 

0.73 

0 77 

H 

0.19 

0.38 

0.42 

0.47 

0.52 

0.56 

0.61 

0.66 

0 70 

0.75 

0.80 

0 84 

^He 

0.20 

0.41 

0.46 

0.61 

0.66 

0.61 

0.66 

0.71 

0 76 

0 81 

0 86 

0 91 

H 

0.22 

0.44 

0 49 

0.55 

0.60 

0.66 

0 71 

p 77 

0 82 

0 88 

0 93 

0 98 

'Ms 

0 23 

10 47 

0.53 

0.69 

0 64 

0.70 

0 76 

0.82 

0 88 

0 94 

1 00 

1 05 

1 

0.26 

0.50 

0.66 

0.63 

0.69 

0.75 

0.81 

0.88 

0.94 

1.00 

1.06 

1.13 

iHs 

0.27 

0 53 

0.60 

0.66 

0.73 

0.80 

0.86 

0 93 

1.00 

1 06 

1.13 

1.20 


0.28 

0 66 

0 63 

0.70 

0.77 

0.84 

0.91 

0 98 

1 05 

1 13 

1 20 

1 27 

iMs 

0.30 

0,59 

0 67 

0.74 

0.82 

0.89 

0.96 

1 04 

1.11 

1 19 

1 26 

1 34 

IH 

0.31 

P 63 

0.70 

0.78 

0.86 

0.94 

1 02 

1 09 

1 17 

1 25 

1.33 

1 .41 

IMs 

0.33 

0.66 

0.74 

0.82 

0.90 

0.98 

1.07 

1.16 

1 23 

1.31 

1.39 

1.48 

IM 

0 34 

0.69 

0.77 

0.86 

0.95 

1 03 

1.12 

1.20 

1.29 

1.38 

1 .46 

1 55 

IMs 

0.36 

0.72 

0^81 

0,90 

0.99 

1.08 

1 17 

1.23 

1 35 

1.44 

1.53 

1 62 

IH 

0.38 

0.75 

0.84|0.94 

1.03 

1.13 

1.22 

1.31 

1.41 

1.50 

1 69 

1.69 


UluatratiTe Probleni.~~What is the net area of a bar 4 in. wide and in. thick, with one hole for a jl^^'in. 
rivet? 

The diameter of the hole to be deducted \b H •¥ H H in. From Table 12 the area to be deducted is 0.44 
sq. m. The net area, therefore, is (4) (H) ~~ 0.44 — 1.56 in. 

The proper design of a tension member requires that the net 
area should be computed on diagonal as well as on transverse lines. 
That is, the net area should be computed not only on line aa (see 
Hg. 184) but also on line abed. Some specifications require that the 
net area should be considered on line abed unless it exceeds that on 
aa by 30%. The usual method, however, is to make the nei area 
on line abed equal to that on line aa. When this method is used 
it is desirable to find the pitch p (see Fig. 184) which will give equal areas on sections aa and 
abed, 

"Let ic be the width of the member; g, the distance between gage lines; and d the diameter of the hole to be de** 
ducted. The net width on aa will then be w — d. On section abed, the net width will be w g + vV* -f p* ^ 2d. 
Equating these two widths, 

w — d »»«;--<? -f V^* + p* — 2d 
+ — d — w-f'^ + 2d«»g4'd 

Squaring » gt 2gd + d* 

“ 2flrd -f d« 

or pm ^2gd -f d* 

Table 13 gives different values of pior corresponding values of g for shd ^-in. rivets, 

1 From Pocket Compsnion, 20th edition, Carnegie Steel Co., Pittsburgh, Pa. 
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If the riveti are arranged as shown in Fig. 185, the value of p will be one-half as large and the formula will h9 

l> « H \/2ad + d* 

Tablid 13.*—Stagger of Rivets to Maintain Net Section 

(American Bridge Company Standard) 

Dimensions in inches 



g - d ^ y/g^ -f p* — 2d g' - 2d - VO/O* + p* — 3d 
P « \/2gd 4-‘ d* P -* y/2g'd i- d* 

0 » sum of gages minus thickness of angle. 

^a-in. rivets, can be taken at H in. less than for ? 4 -in. rivets. 
1-in. rivets, can be taken at H in. more than for H-in. rivets. 







?^-in 


rivet 

rivet 


rivet 

rivet 

p 

_ _ 

_ 

p' 




P 



P 

V 

1 

IH 

IH 

5 

3K« 


IH 

IH 

2 

W 

m 

3H 

2 

2Mfl 

2H 

6 

m 

m 

2H 


2K« 1 

6H 

w 


3 


2H 

7 


m 

3H 


2*^6 

7M 

3H 

\ 4 

4 

2*M6 

3 

8 

W 

4H 

4H 

2*^6 

3^6 

SH 

4 

4H 


The following method takes into consideration the stress, on a diagonal section, caused by a combination of 
the shear (parallel to the section) and the tension normal to the section. From the formulas for maximum stress 
on a diagonal section as worked out by V. H. Cochrane*, the following formula has been derived by T. A Smith:* 

2(gt 4. p* dVi* 4- pO 




+ Vg* + 4p*) 


in which a is the gage (see Fig. 186), d is the diameter of the hole (diam. of rivet 4- H in.), 
p is the pitch, and X is the amount of rivet hole to be deducted between the gage lines. 
Values ofX in the diagram (Fig. 187) were worked out using the above formula. This dia¬ 
gram is for "PiAn. rivets and d was taken as 1 in. 




Fig. 185. 

In computing the net width of a tension member by this method, the number of rivets n, to be deducted, is 
as follows (see Fig, 188); considering H*in, rivets 

n «* 1 4” Xi 4" Xi 4* X 9 

where Xi, Xs, and Xs are obtained from the diagr^iin by using the corresponding values of p and g for each diagonal 
distance. The value 1 is for the outside halves of the two outside rivets and the values Xi, X 2 , and X> are the 
values to be deducted from the gages gi, gt, and gz. The net width, then, would be 

te - (1 4- Xi 4- Xs 4- X*) 

A larger value of n might be obtained by omitting rivet 2 and considering section 1-3-4. The gage for 1-3 would 
then be gx 4- uud the corresponding value of p would be the horisontal distance between 1 and 3. In any case, 
the net area to bo used will be fox the section giving the largest value of n. 

Consider the values for pi, pt ps, ou g 2 . and g» as given on Fig. 188. Compute the net section assuming the 
plate to be in. thick, and the holes to be for K^iu. rivets. 

Considering all the holes 

n - 1 4- 0.4 4- 0.93 4- 0.4 - 2.73 

Considering 1-8-4 

n - 1 4- 0.974 4- 0.4 - 2.374 




Fi<a 186 Since the larger value of n is obtained by considering all the holes, the net section will be 

through all the holes, and is 

(10 - 2.73)H - 3.64 sq. in. 

For two lines of rivets (see Fig. 186), the value of p, such that only one hole must be deducted, is found where 
thegageline intersects the horisontai tine AA inFig. 187. Suppose g 3 in., then in order that only one hole 
must be deducted, p would have to equal 3.32 in. or SMe iu> 

For three lines of rivets (see Fig. 189) the value of p, such that only two holes must be deducted, Is found 
where the gage line interseots the tine BB in Fig. 187. If p «• 2 in., then p would have to equal 1.82 in. or iKs in. 

For three lines of rivets (see Fig. 190) the value of p, such that only two holes must be deducted, is found from 
the location of a vertical line cutting gage tines gi and ps at an equal distance above and below the tine BS in Fig. 
187. U gi m a in. and pt •> 8 in., the value of p from the diagram is found to be 2.06 in. or 2He in* This result 
may be oheohed as foUowt: ^ ^ 

For p «" 2.05 and p 8 X «• p.^ 

For p 2,05 and 9 "■ 2 X «« 


?i§? 

1.00 


t From Pocket Companion, 20th edition, Cameid® Steel Co., Pittsburgh, Pa. 
* See Jfap. ATetst, April 28. 1008. 

« See Xnp. May 6. 1015. 
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The diftgram (Fig. 187) may be used for any other sise of rivet by dividing both p and ^ by the sise of rivet 
plus H in and by multiplying the value of 1 by the same number. 

Suppose the holes in Fig. 186 are for H^ra, rivets. Find n for p « 3.6 in. and p 7 in 
o « . /3 , I \ ^ ^ 7 „ 


The diagram shows that X « 0.644 Then 


» - (»)(|) + 0 644 

126/. Design of Joints.—The joints at points where members are spliced or at 

points where the stress in 
one member is transferred 
to another, should be very 
carefully desij^ned. A 




Fia ISS 

joint should be strong 
enough to develop the 
member joined even 
though the computed 
stress in the member may 
be less. 



^ nr 

Fig. 189 Via 190 

The solutions of the 
following problems show 
how the different tables 
may be used in the 
design of joints. 



Fio. 187.-^Diagram for values of X to be deducted for J^dn. rivets (d • 
in computing net sections. 


, - , Illustrative Problem.—A 

Vulues or p in inches platesxn in. carrying66,600 

FiO. 187.—Diagram for values of X to be deducted for J<-in. rivets (d - 1 in.) !uJ* if 

in computing net sections, allowable unit tensile 

value of the plate at 16,000 

lb. and the unit values for rivets at 12,000 in shear and 25,000 in bearing, design a butt joint with two cover 
plates (see Fig. 191). Use H^in, rivets. 

The best possible arrangement of rivets will reduce the area of the plate by one hole. Table 12 shows that 
the area to be deducted for one hole is 0.44 sq. in. The net area, therefore, is (8)CH) 0.44 « 3,66 sq. in., and 

Is satisfactory since the required area is * 3.47 sq. in. Hinoe the area of the splice plates will bs rsdueed by 































Sec. 2-125g] . STRUCTURAL MEMBERS AND CONNECTIONS 


279 


more than one hole, a thioknese of K« in. for each plate mil be assumed. This gives a total thickness of H in., 
which is greater than that of the plates spaced. Table 11 shows that the value of a H-in. rivet in bearing on a 
^i-^in, plate is 9000 lb. for a bearing value of 24,000 lb. per sq. in. At 25.000 lb. per sq. in. the corresponding bear** 

ing value is 9000 9376 lb. The shearing value is found directly from the table and is 10,000 lb. since 

the rivets are in double shear. The number of rivets required is, 
therefore, 

66,600 
9376 " 

The rivets will be arranged as shown in Fig. 192, which shows that the 
area of each splice plate is reduced by three holes. Table 12 shows that 
the area to be deducted for one hole on a Hs-in. plate is 0.27 sq. in. 

Since there are two plates and three holes in each plate, the total area 

to be deducted is Fig. 192. 

(3) (0.27) (2) « 1.42 sq. in. 
and the net area of the cover plates is 

(2)(8)(^s) - 1.42 » 3.58 sq. in. 






b c 


which is satisfactory. The not area of the 8 X M-in* plate on section is 4 (2) (0.44) «• 3.12 sq. in. Since 

the stress transmitted to the splice plates by each rivet is * 9250 lb. (assuming each rivet to take the same 

46 360 

amount of stress), the stress in the plate at section hh is 66.600 — 9260 ■■ 46,360 lb. The required area is *" 

2 0 Ht;i in., and the area is satisfactory. On section ce. the net area is 2.68 sq. in. and the required area is 1.73 
sq. in. 

Illustrative Problem.—Ubing the same sise rivets and the same unit stresses, design a lap joint for the above 
plates. 

In this joint the rivets will be either in bearing on a >^'in. plate, or m single 
shear. The bearing value is 9375 lb. and the shearing value is 5300 lb. so the 
latter value governs and the number of rivets required is 
55,500 



5300 


w 10.5, or 11 rivets 


Fig. 193. 


hh is 3 12 sq. in. and the required area is 
55,600 - 5300 
16,000 


3.14 sq. in 


which is close enough. 

Illustrative Problem.—The rivet pitch and spacing are shown on Fig. 193. What should be the pitch so that 
only one hole will have to be deducted on section ao? 


j> - + Oi)‘‘ - 0 90 in. 


This value checks with Table 13 which gives 0.91 in. (^2 of the interpolated value for g equals l^s*) Table 8 shows 
that p could not be less than 1% in. for a in. rivet 

If the other method is used, will more than three holes have to be deducted on section cc? 

Fig. 187 shows that only three holes would have to be deducted if Js-in rivets were used so no more will have 
to be deducted for ? 4 -in. rivets. 

126^. Efficiency of a Joint.—The ratio of the strength of a 
joint connecting two members to the strength of either member, is called 
the efficiency of the joint. 

126. Splices in Trusses. 

126a. Compression Members.—The usual method of splic¬ 
ing a compression member is to mill the ends of both members and to use 
splice plates with a couple of rows of rivets on each side of the splice to hold 
the members in line (see Fig. 194). A splice of this kind should be made at or near a joint,< 
preferably far enough from the joint so that the splice connections will not interfere with the’ 
joint details. This method of splicing is entirely satisfactory for direct stress providing the 
ends of both members are milled properly. When the ends are not milled, the splice plates 
and number of rivets should be sufficient to transfer all the stress across the splice as no re¬ 
liance should be allowed on the abutting ends. If only a part of a member is spliced, the 
splice should be made strong enough to develop the part spliced even though the ends may be 
milled. To illustrate, suppose only the web plate m Fig. 196 is to be spliced; then even 
though the ends of the web plate are milled, no allowance should be made for the milling. 
The splice plates and number of rivets should be sufficient to develop the plate spliced. TWs 
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applies partdoalarly to splices in plate girder flanges where the different parts of the flange are 
spliced at different points. 

If the member is subjected to bending, the resultant stress on the section should be com¬ 
puted by the method given in Sect. 1, Art. 102. If there is tension on any part of the splice due 
to bending, the splice and number of rivets should be sufficient to properly transfer the stress 
across the splice. The method used in a case of this kind is to assume a splice and then to 
compute the fiber stress. Two or more trials may be necessary to obtain a satisfactory splice. 

1266. Tension Members.—la light roof 
trusses the bottom chord splices are usually located so 
the gusset plate can be used as a splice plate (see Figs. 
196 and 197). Splices may be made at points outside 
of the joint and no part of the gusset plate used (see 
Fig. 198). This simplifies the computations, especially 
when the members spliced carry a large total stress. 

When the splice is made as shown in Fig. 196, a 
strip of gusset plate equal to the depth of the member spliced may be considered as splice 
plate. A splice plate should be used on the bottom of the members spliced (see Figs. 196 
and 197). Of course, there are splices where a bottom plate would not be worth much (see 
Fig. 199). Better increase the thickness of the 
gusset plate, if necessary, and cut the plate as 
shown by dotted line. 



rio 1P5 



Oossef 



Fia. 196. 


Fio 197 



If part of the gusset plate is used as splice plal^, it is well to investigate the stress at the 
bottom of the plate. This may be done as follows (see Fig. 200): 

Taking momenta about o on axis aa through the center of gravity of the plate 

Af* •• Siy — Sx 




where S is the stress in member 1. and Si is the total value of the rivets connecting member 2 to the gusset plate 
Then fiber stress due to bending is 



n whieh e is the distance shown on Fig. 200 and I is the moment of inertia of the plate about ams aa through 
the center of gravity of the plate. 

To this value of /add the unit stress due to direct tension on the part of the gusset plate considered as splice 
plate. This stress is the total value of the connection between member 3 and the gusset plate divided by the 
area of that portion of the gusset plate considered as splice plate. 

In designiiig splices for built-up members, great care should be taken to arrange the spline 
materia] and rivets so each part of the member will bo amply spliced. This applies to both 
tension and compression splices. 
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127. Plate Girder Web Splices.—Plate girder webs may be spliced in a number of <Mer«til 
ways (see Figs. 201 to 205 inclusive). The kind of splice to be used in any given case depends 
somewhat on the assumptions made in the design of the girder. 

The splice shown in !Flg. 201 consists of a plate on each side of the web* When no piurt 
of the web is considered as flange area, this splice is designed for shear only. It may be designed 
for the maximum shear the web is capable of carrying, or for the maximum shear at the splice. 
More than enough rivets should be used on each side of the splice to carry the total shear con¬ 
sidered in the design; usually not less than two rows of rivets on each side of the splice are used. 
Unless the splice is made at a point where there is considerable excess flange area, a few extra 
rivets should be used. Even though no part of the web is considered as flange area in designing 
the girder, the web will resist some of the stresses caused by bending. For this reason the 
rivets in the splice plates will be over-stressed if just enough are used to provide for shear. 

This splice is also used when a part of the web is considered as flange 
I area, especially when the splice is made at a point where there is an 

I excess of flange area. If the splice is made at a point where the shear 

} is small, the design is usually made for the maximum moment the web 

j is capable of carrying. At other points the shear should be considered 

j in the design and the corresponding moment used. 

_L4" I \ The splices shown in Figs. 202 and 203 are used when a part of the 

U . . .. Mi l. \ web is considered as flange area. The splice in each case consists of six 
Fio. 201. plates, four plates marked A and two plates marked B. In Fig. 202, 




Fio. 202. Fig. 203. Fio. 204. Fig. 205. 


plates A are usually designed for moment and plates B for shear. In Fig. 203, plates B are 
designed for shear and moment and plates A for moment. In this design the splice is supposed 
to be equivalent to the web at all points.^ 

The splices shown in Figs. 204 and 206 are sometimes used by designers who claim that the 
other splices do not provide for horizontal shear in the web at the edge of the flange angles. 

When a splice is made near the end of a cover plate, the cover plate may be extended and 
used in place of plates A in Figs. 202 and 203 (see Fig. 206). When this 
is done, plate B in Fig. 202 should be the full depth between flange angles. 

In Fig. 203 the splice will not be equivalent to the web at all points when 
the cover plate is used in place of plate A. 

The following problems are worked out to show the computations 
in designing the kind of splices shown in Figs. 201 and 202. These splices 
will be stronger than necessary because they are designed to develop the 
web in bending and in addition to carry shear. In actual design the 
moment caused by the loading which gives the shear should be used or the maximum 
moment at the section and the corresponding shear. To illustrate, consider a girder canying a 
fixed uniform load. If the splice is made at the center (which is not usually done) where the 
shear is zero, the splice should be designed for moment only. The usual method is to make the 
splice as strong in resisting bending stresses as the web would be if it were not spliced. If, on 
the other hand, the splice is made at say the quarter point, both shear and moment should be 
considered in designing the splice. The values used should be those computed at the point 
where the spiiee is made, jk this case, neither the diear nor moment will be a maximum; 

rd. S d Franud gWuotwrei’’ by Bryaa and Tumaufe for a troatmaot of thia aiSsiH* 



Fig. 206. 
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12,000 lb. per sq. in. 
24,000 lb. per sq. in. 
10,000 lb. per sq. in. 
16,000 lb. per sq. in. 
100,000 lb. 


the shear will be of the maximum on the girder and the moment The design, however, 
brings out all the necessary computations in the design of web splices. 

niuttrative Problem.—Assume a plate grider 68H in« back to back of flange angles. Web plate, 68 X H in. 
Flange angles, 6 X 6 X in. with one cover plate 14 X in. and one 14 X in. ?6-in. rivets. 

Rivet values, shear. 

bearing. 

Shear on web (gross area). 

Tension extreme fiber. 

Shear at point of splice. .. 

The spUce plates are assumed to be 66M in. deep (see Fig. 207). The area of the web considered as part of the 
flange area is H of the gross web area. One-eighth of web area is H X 68 X * 3.19 sq. in. and is assumed to 
act at the center of gravity of the flange area which is 67.08 in. (see Fig. 207) between center of gravity of top and 
bottom flanges. 

The splice will be designed assuming that H of the web area carries its full moment. 

(3.19)(67.O8)(10.OOO)(5|j^) - 3,270,000 m.-lb. 

The^ stress on the extreme fiber is assumed to be 16,000 lb. per sq. m. (Some designers compute the stress 
on the girder flange and use the computed stress in designing the splice.) The stress at the center of gravity of 
the flange would then be 

(16,000) * 15,300 lb. per sq. in 

Web sphoes of this kind may be designed to take the same moment as the gross web plate does The moment 

would then be 





hdif 
' 'o 


■ 15,510 lb. per sq in., net area. 


in which 

f (lfl.0 00)(68; 

^ “ 70.13 

For the gross area this stress would be 
(15,510) (23.54) 

-12,810 Ib. per sq in. 

Then 

(I2.810)(^^)(68)f68) ,, 

M ---« 3,700,000 in.-lb. 


M « ~ < 


The above method of computing M assumes that there are no holes in the web. If holes 4 in. apant are allowed 
for, the value of M will be (assuming rivets are used) 

8 ' 

in which / * 15,510 lb. per sq. in. and 

Either one of these methods of computing Af would give a stronger splice than the one designed. 

Rivet spacing in the splice jflate will be assumed to be 4H s in. center to center. The stress on the rivets will 
be found by the method given under eccentric connections (see Art. 130). The distance from the neutral axis 
only will be considered and the stress on the extreme rivet found for one row of rivets from which the number of 
rows required can be determined. When the distance back to back of flange angles is small, the horisontal distance 
between rivets and the center of gravity of the group should be considered, because in such cases a considerable 
difference will be found in the value of 2r*. 


From Table 15 
( 4Hs)> - 19.70 

( )* * 78.77 

(13Hs)* - 177.22 
(17H )* * 315.06 
(22Hs)* - 492.28 
mH )* - 708.90 


1791.93 

2 


3588.86 - 

7|m strsss OQ a rivet at a unit distanee from the neutral axis Is 

8>270,000 
8564 


• 918 lb. 


2r* for <me row. 
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Stress on extreme rivet is 

(9ia)(2dH) 24,310 lb. 

If four rows of rivets are used, the maximum stress due to moment will be 

—^— « 0080 lb. 

The total number of rivets on each side of the splice will be (4) (13) 52 rivets. The stress on each rivet due to 

shear is assumed to be equal and is 

100,000 _ 

—5^ - 1920 lb. 

'riie resultant stress on the extreme rivet is 

V (6080) a + (1920)3 “ 6380 lb. 

'rablo 11 shows the shearing value of a K-in. rivet to be 7220 lb. in single shear, and 14,440 lb. in double shear 
The bearing value on the 5'fJ-in, web is 7880 lb. 

'rUe bearing value governs and the value at the extreme rivet is 

( 78« ))(53j5) ^ 

70.13 ” 

'I^his value is less than the stress on the extreme rivet so the spacing will be arranged as shown in Fig. 208. 

From Table 16 
( 2 He)* » 4 25 

( 0 » 38 29 \ 

(10 Me)® - 106 35 I : fifiW 

(i4^ifl)*= 208 44 , 

(18 Me)® *= 344 56 'mwffj 

(22iMe)» “ 514 73 I 

(26®He)® “ 718 91 ; : I 


1935.53 

2 


=» for one row. 


Fig. 208. 


3,270^ ^ 

3871 

and 

(84.5) (20'e) = 22,660 lb. stress on extreme rivet 
AsHUiniiig four rows, the maximum stress due to moment will be 

“•«5?=5«65 1b. 

4 

If the horizontal distances between the center of gravity of the group of rivets and each rivet is considered, 
this value will be 5430 lb. The total number of rivets on each side of the splice is 4 X 14 » 56 rivets. Stress on 
each rivet due to shear is 

1^.17»<Mb 

56 

'i'he resultant stress is 

V'(179bpT756^» - 6920 lb. 

If the horizontal distances are considered as noted above, this value will be 5660 lb. The allowable stress is 

( 7880) (53.625) ^ 

EB rn TTW '' J T which is satisfactory. 

— -f-f The moment of inertia about the neutral axis of the splice plates should l>e equal to 

# L « or greater than the moment of inertia of web plate or 

I ® ^5 ' 8 ! (0(56 25)» _ (Mi)(68)» 


Fig. 209. 


Each plate should be 


(M)(68 )» 
66 25*“ 


0.331 in. thick. 


This is a very little over Ms H-in. plates will be used. 

Xllnstrativd Frobtem.—Using the data given in the proceeding problem, a splice similar to Fig. 202 iriU be 
designed. 

The web area (3.19 sq. in.) considered as flange area is assumed to act at the center of gravity of the flanges. 
Flates B (see Fig. 209) are assumed to be 9 in. wide and their distance center to center will be 47.6 in. The aiea 
«*f plate B should be 

(3 19)(^^’) -e.36»q. in. 


It •/! 
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in which h and represent the moment of inertia of the f^te B and the web area (considered as flange area) 
about horisontal axes through their respective centers of gravity. These values are considered equal* hence 

aixi* axes* 


or 


ai 


«i* 


ai represents the area of plate B and as the area of the web considered as flange area, xi and x$ are the distances 
of the center of gravity of each area from the neutral axis of the girder. In solving for the area of plate B above, 
the values of xi and xi used are the distances center to center of each set of areas. The result is the same as would 
be obtained by using the distances from the neutral axis to the center of each area because both numerator and 
denominator are just two times as great. 

Two plates, 9 X in., will be used. This gives a net area of 7 X H X 2 *■ 7 sq. in,, which is satisfactory. 
Assuming 16,000 lb. per sq in. on extreme fiber, the allowable stress at the center of plate B is 
(16.00 0)(47.5) 

70 13 

and the rivet value at the same point is 

(7880)(47.5) 

70.13” 


10,830 lb. per sq. in. 


6350 lb 


The number of rivets required on each side of the splice is 


(6.36) (10.830) 
5350 


12.9, or 13 rivets 


The number of rivets required in plate -4 on each side of the splice is 


100,000 

”7880 


12 7, or 13 rivets. 


Plate A will be made in. thick, which will give ample area for shear. 

The plates are 3814 deep, and the shearing value is 

(38.25) (10.000) » 239,0001b. 

Use two rows of rivets spaced 4^8 in. center to center on each side of the splice. 

Rivets are sometimes spaced closer near the top and bottom of splice plates designed for bending stresses. 
The spacing should be uniform because both the stress on the plates and rivets decrease in the same ratio from 
the flanges towards the neutral axis. It will be found that the rivet pitch will be the same whether computed for 
points near the flange or neutral axis. 

In designing web splices, care should be taken to make the rivet spacing such that the area of the web is not 
reduced more than assumed in the design of the girder. If of the web is considered as flange area, then the 
spacing of rivets in a vertical row should not be less than 4 in. c. to c. for %-in. rivets. 
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128. Plate Girder Flange Splices.—When it is necessary to splice the flange of a plate 
girder, the splice should be arranged so that not more than one part of the flange is spliced at 

any point. Also, no part of the flange should be spliced 
at a point where the web is spliced. The different parts 
of the flange should be spliced at points where there is 
an excess of flange area. All flange splices should be 
designed to fully develop the member spliced, and 
enough rivets should be used to transfer all stress across 
the splice. No allowance should be made in the com¬ 
pression flange for abutting ends. Specifleations 
usually require the splice to be somewhat stronger than the member spliced. 

128a. Splicing Flange Angles.—^The usual method of splicing flange angles is to 
splice one angle at some point between the center and left support and the other angle at a 
corresponding point at the right of the center. A splice angle should be used (see Fig. 210) 
and if possible, the net area should be equal to or greater than the net area of the flange angle. 
Enough rivets should be used to develop the splice angle, and the spacing should be close in 
order to reduce the length of the splice angles and to transfer the stress in a short distance. 
When the flange angle legs ate equal, the splice angle legs should be equal and each leg assumed 
to take one-half of the stress. The same number of rivets should then be used in each leg. 
If the legs are unequal, the number of rivets in each should be in proportion to the area of 
each leg. 

The number of rivets required through the splice angles on each side of the splice ean be 
determined as follows: 

iv-a- 

r 
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in which / is the allowable fiber stress, An the net area of the splice member, and r the rivet 
value (single shear in this case). The rivets required for shear in the fiange can also be used 
as spliced rivets. When the net area of the splice angle is less than the net area of the flange 
angle, a splice plate should be used on the vertical leg of the other flange angle (see Fig. 211). 

The stress may be considered as distributed between the splice angle and the 
splice plate in proportion to the area of each. If the splice is made near the end 
of a cover plate, the cover plate may be extended and used as a part of the splice. 

When the splice member is in contact with the member spliced (as the splice 
angle a in Figs. 210 and 211) no increase in the computed number of rivets is 
necessary. On the other hand, the computed number on each side of the joint 
for the splice plate h should be increased by onc-^third for each intervening plate. 

1286 . Splicing Cover Plates.—cover plate may be spliced by using a splice 
plate of the same net area and long enough to provide for the required number of rivets in single 
shear (see Fig. 212). 

When a cover plate is spliced near the end of another cover plate (see Fig. 213), the cover 
plate may be extended as shown by dotted lines. If the extended 
cover plate is of the same size as the plate spliced, the splice will 
be satisfactory if enough rivets are used. The formula given for 
rivets through the splice angle may be used to determine the 
number of rivets required. When the splice plate is not in contact 
with the plate spliced, then the required number of rivets on each 
side of the splice should be increased by one-third for each in¬ 
tervening plate. ^ 

129 . Connection Angles.—Beam and girder connections are 
usua% made by means of angles (see Figs. 214 and 216). The 
method of computing the strength of the connections shown in Figs. 214 and 215 is the same 
except that the number of rivets in 215 will be increased according to Art. 124^. 

Consider the connection shown in Fig. 216; the strength will depend on 

1. Four shop rivets bearing on web of beam 
A. 

2. Four shop rivets in double shear, 

3. Eight fleld rivets in single shear. 

4. Eight field rivets bearing on the web of 

beam B or on the Ke-iii- angles. Piq. 213. 

niostratiTe Problem.—ABsume beam A to be a 16-iii. 42-lb. I, and beam B a 24-in. 80-lb. I. What is the 
strength of the connection if H4n. rivets with the following values are used? 





Fia. 211. 


—{£s: 


10,000 lb. per sq. in. 
7,000 lb. per sq. in. 
20.000 lb. per sq. in. 
14,000 lb. x)er sq. in. 



Fid. 214. 


Fig. 215. 


Pig. 216. 


The web thloknese of the 15-in, I is Ks and of the 24-in. 1 is H Ia. (see Table 5}« From Table 11 the fol¬ 
lowing valuee are obtained: 

»For a mw complete treatment of fiange splio*«ssee vol. 3 of “Modern Framed Structures” by Johnson, Bryan, 
Md Tiimeaiwtt. 
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. 4420 lb. 

. 30901b. 

. 1 fhon,... _ . 


. 6560 lb. 



. 4690 Ib. 

Bearing on web of A,,. . 


4 X 6560 - 26,240 lb. 

Double shear through A . . 


. 2 X 4 X 4420 » 35,360 lb. 

Beaming on Hs-in. angles. .... 


8 X 4590 - 36,720 lb. 

Single shear. 

The strength of the oonnection, therefore, is 24,720 Jb. 


8 X 3090 « 24,720 lb. 


Connections of this kind may be divided into two classes—^viz., standard and special. 

129a. Standard Connections.—The end connections for beams may be marl 
the same for different sizes of beams under certain limiting conditions of loading and span length. 
Many structural shops have their own standards for these connections. Table 14 gives tiio 
standard beam connections and limiting values. Standard connections should be used when 
possible. 

Table 14.*— Beam Connections 

27'' 24" 



2Z8 4" X 4" X H" X 2Zs 4" X 4" X H" X 

Weight 46 lb Weight 39 lb. 

21" 20", 18", 15" 




2/8 4" X 4" X H" X l'-2H'' 2/8 4" X 4" X He" X 0'-ll«' 

Weight 33 Ib, Weight 23 lb 


Weight Si 
12 " 


Weight 23 lb 
10", 9". 8" 





2/8 4" X 4" X He" X O'-SM" 2/8 6" X 4" X X 
Weight 17 lb. Weight 13 lb. 

7", 6", 6" 4", 3" 



2/8 6" X 4" X «" X 0'.3" 2/8 6" X 4" X H" X 0'-2" 

Weight 7lb. Weight filb. 

HiveitB end boAte H <»• diameter. 

Weights given ere lor ehop rivets end angle oonnections; about 20% should be added for deld 

tivete or bolts. 

I From Booket Companion, 20th edition, Carnegie Steel Co., Pittsburgh, Fa. 
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liXMITlNa VALtTBS 09 BSAM CONKBCTIONS 


I-beams 

Value of web 

Values of outstanding legs of oonneotion angles 


oonneotion 

Field rivets 


Field bolts 


« 

S 

Weight 

Shop rivets in 

^ 4 -in. rivets or 

Minimum 

t. 

^ 4 -in. rough 

Minimum 

t, 

p a 

(pounds 

enclosed bear- 

turned bolts. 

allowable span 

(in- 

1 bolts, single 

allowable span 

(in- 


per foot) 

ing, (pounds) 

single shear, 
(pounds) I 

in feet, uniform 
load 

ohes) 

shear, (pounds) 

in feet, uniform 
load 

ohes) 

27 

90 

82,530 

61,900 

18.9 

i 

! 49.500 

23 6 

H 

24 

/ 80 

67,600 

53,000 

17.6 


42,400 

21.9 

?< 

\ 74 

64,260 

53,000 

16.4 


42,400 

20.4 

H 

21 

ma 

48,150 

44,200 

14.2 

H 

35,800 

17 8 

H 

20 

65 

45,000 

35,300 

17.6. 

H 

28,300 

22.1 


IS 

/ 55 

41,400 

35,300 1 

13 3 

H 

28,300 

16 7 

H 

1 48 

34,200 1 

35.300 1 

12 8 

He 

28,300 

16 4 

' H 

15 

f 42 

36,900 

35,300 

8 9 

H 

28,300 

11 1 

H 

1 37>2 

29,880 

35.300 1 

9.7 


28,300 

10.2 

Hs 

12 

/ 31H 

23.600 

26,500 1 

8.1 

Ms 1 

21,200 

9 0 

H 

1 28 

19,170 

26,600 1 

9.2 

Ke 

21,200 

9 2 

H 

10 

f 25 

27,900 

17,700 1 

7.4 

H 

14,100 

9 2 

H 

t 22H 

22,680 

17,700 1 

6.8 

H 

14,100 

8 6 

H 

9 

21 

26,100 

17,700 j 

5.7 

H 

14,100 

7 1 

H 

8 

/ 

24,300 

17,700 

4.3 

H 

14,100 

5 4 

H 

1 17>2 

19,800 

17,700 

4.4 

H 

14,100 

6 5 

H 

7 

15 

11,300 

8,800 j 

6.2 

H 

7,100 

7 8 

H 

6 

mi 

10,400 

8,800 1 

4.4 

H 

7,100 

6.6 


5 

m 

9.500 

8,800 1 

2.9 

H 

7,100 

3.6 


4 1 

7H 

8.600 

8,800 , 

2.2 

He 1 

7,100 

2,7 

H 

' ! 

5H 

7,700 

8,800 

1 

1.3 

H 1 

1 

7,100 

1.4 

H 


Allowable Unit Stress in Pounds per Square Inch 


Single shear 

Rivets . . .Shop 12,000 

Rivets and Turned bolts... Field 10,000 
Rough bolts Field 8,000 

Bearing 

’ Rivets—enclosed.Shop 30,000 

Rivets—one side.Shop 24,000 

1 Rivets and turned bolts.. . .Field 20,000 
Rough bolts . .Field 16,000 


t w Web thickness, in bearing, to develop max. allowable reactions, when beams frame opposite. 

Connections are figured for bearing and shear (no moment considered). 

The above values agree with tests made on beams under ordinary conditions of use. 

Where web is enclosed between connection angles (enclosed bearing), values are greater because of the in¬ 
creased efficiency due to friction and grip. 

Special connections shall be used when any of the limiting conditions given above are exceeded--—euoh as end 
reaction from loaded beam being greater than value of connection; shorter span with beam fully loaded; or a less 
thickness of web when maximum allowable reactions are used. 

1295. Special ConnectioiiB.—When standard connections cannot be used, it is 
necessary to design special connections for each particular case. The following conditions 
may require special connections; (1) short spans heavily loaded, (2) spans with load near one 
end, (3) when two beams connect on opposite sides of the same web and use the same rivets, 
and (4) when two beams connect on opposite sides of the same web and only a part of the rivets 
arc used in each connection. 

For conditions 1 and 2, the reactions should be computed and enough rivets used to safely 
transfer the load from one member to the other. 

For condition 3, standard connections may be satisfactory providing the thickness t 
(see fig. 217) is such that ample bearing on the rivets is developed. Otherwise the web 
plate may be reinforced (see Fig. 218) or special connections used. Special connections will 
undoubtedly be necessary if the loads on the beams are applied near the ends to which the 
connections are made. In any case, the end reactions should be computed and the rivets 
proportioned accordingly. 

For condition 4, the beams may not be at the same elevation (see Fig. 219) or may not bo 
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on the same line (see Fig. 220). Standard conneetions may be used in these cases if ample 
bearing is provided for the rivets and the spacing of the holes can be made standard. 

When two beams are near each other (see Fig. 221), it is not possible to use more than one 
connection angle on each beam. Special connections should be designed for such cases. 

When beams do not frame into each other at right angles, special connections may be 
necessary (see Fig. 222). When t is in. or less and fe is 3 in. or less, standard connections 
may be used providing the angles are bent to the proper bevel. When b is greater than 3 in., 
bent plates should be used in place of angles. For bevels in which b is greater than 3 in., care 
should be taken to see that rivet holes are not located where it is impossible to drive the rivets. 


Flo. 217. Fia. 218. Fia. 219 Fia. 220. 


Fkj. 221. Fig. 222. Fio. 222. Fig. 224. 

See Sect. 3, Art, 72a for illustrations of beam connections. See also Sect, 3, Art. 72& for beam 
connections to columns. 

Connections between members carrying direct stress usually take the form of a lap joint. 
Consider the connection shown in Figs. 223 and 224. In Fig. 223 the connection of the angle 
to the plate is an ordinary lap joint and the rivets are in single shear or bearing. In Fig. 224 
the connection can be considered as a double lap joint and the rivets are in double shear or 
bearing. 

129c. Lug or Clip Angles in Connections.—Specifications usually require that 
an angle be connected by both legs (see Fig. 225). The allowable value of an angle connected 

by one leg varies somewhat. Some specifications allow 
only the value of the leg connected. Others allow from 
75 to 80% of the net area of the angle. When an angle 
is connected by both legs, 90% of the net area is usually 
allowed. Tests show that an angle is stronger when con¬ 
nected by both legs. 

When a lug angle is used to connect an imgle 
carrying tensile stress, the distance X (see Fig. 225) 
should be such that the area of the angle will not be 
reduced by more than one hole. 

Fzo. 225. The net area of the gusset plate on line aa (see Fig. 

225) should be such that the net area is equal to or 
greater than the net area of the member connected, li the connection is eccentric, both bend¬ 
ing and direct stress should be considered in determining the area of the plate at section aa 
(see bottom chord splice). 

The computations for the connection shown in Fig. 225 will be illustrated by the following 

ptoW^m. 

PrGbtom.—Deteriuiiid the tttrengtiz o( the couaeetion ehowa in Fig. 22d. The nllowible tesege 
Stffte on the angle is lO.OOO lb. per sq. in. Assume rivets with the following values. 

Shear, 10,000 lb. per sq. in. 

, " Beariug, 20,000 lb. per sq. m* 
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Fig. 226. 


ThG lug angle is avsumed to transmit one-half of the total stress to the plate. Also the stress is assumed to tbt 
divided equally among the rivets. 

Table 11 shows that a rivet is good for 4420 lb. in single shear, and 5625 lb, in bearing on a 11^-in. pUkte* 
The rivets are therefore good for (4420) (8) 35,300 lb. 

The 3)4 X 3H X Ks'in. angle has a gross area of 2.87 sq. in. 

Table 12 shows that the area to be deducted for a f^-in. rivet (J4'in. hole) through Hs'-m* metal is 0.38 sq. in. 
The net area of the angle therefore is 2.87 ~ 0.38 2.49 sq. in. At 16,000 lb. per sq. in. the angle is good for 

(16,000)^.2.49) « 39,8401b. 

But Art. 129c allows only 90 % of the net area of the angle for a connection of this kind. This value is 
(0.9)(39,840) - 35,860 1b. 

Hince this is greater than the value of the rivets, the strength of the 
connection is 35,360 lb. 

For a properly designed joint the strength should not depend on 
the rivets. The joint should be strong enough so that if a failure 
occurs it will be in the member rather than in the joint. 

The number of rivets connecting the lug angle to the main angle 
should be the same as used in connecting the lug angle to the plate 
because, in this case, the rivets in both connections are in single shear. 

If the thickness of the plate were such that the rivets connecting the 
lug angle to the plate were governed by the bearing value, then in one 
case bearing would govern and in the other the single shear value. 

Conditions might be reversed, however, and the rivets connecting 
the lug angle to the main angle might be governed by their strength 
in bearing. 

In order that the area of the angle will be reduced by not more than one rivet hole at a point of maximum 
Htress, the first rivet connecting the main angle to the plate must be spaced far enough from the first rivet connect¬ 
ing the lug angle to the main angle so that the area through these holes will not be less than the net area considering 
one hole out. Table 13 shows that this distance should be 2H in. (gage 2 in. on a ZH-in. angle, see Table 5). 

Diagram 16 may also be used as follows: The value of X should be sero and the value of ^ is 3 Ms in. If the 
rivets used were M in. in diameter, the value of p could be taken from the diagram at the point where g 3He 
in. cuts the A-A line. As the rivets are M in., the value of the gage g should be multiplied by (M + H)» The 
value of p will then be found where the new value of g cuts line A-A, or 

<3 Hs)(M + W - 3.12 in. 

Where this value of g cuts line A—A, a value of p equal to 3.38 is found. 

The value of X in Fig. 225 then should be 3^^ in. if this method of computing net areas 
is used. 

I v|3 ^ The computations for the connection shown in Fig. 226 are similar to those just given 

' except that the rivets connecting both the lug angle and the main angle are in bearing or 

double shear. 

ISO. Eccentric Connections.—When the line of action of a force P does 
not pass through the center of gravity of the group of rivets (sec Pig. 227), the 
joint should be designed to resist both the load P and the moment Pe. The 
moment Pe tends to revolve the plate about a center c'. The stress on any rivet, caused by the 
moment Pe, depends on the distance of the rivet from the center of gravity of the group 
of rivets. The sum of the moments about of the stresses on each rivet should equal Pe. 

Assume that a rivet at a unit distance from c takes stress s, then at any distance r, the 
stress taken by a rivet will be re; and for a distance r 2 , it will be r 2 S. Since the center of gravity 
(in this case) of the group of rivets is at the center of the rivet at c, this rivet will not be stressed 
by the moment Pe. The sum of the moments about c of the stresses taken by the rivets, i.s 
2[(rj« X rj) 4- (/•*« X ri)]. The quantity inside the brackets is multiplied by 
2 in order to include the rivets below c. Then 

2(ri*s 4- rt*s) « Pe 
Pe 



FiO, 227. 


It 




2(r,* + r,*) 

If two more rivets are added, as shown in Fig. 228, the value of 
s would be 

Pe 


Fie. 229, 


Consider 1%. 229 


!(ri* 4* ^2* 4" ^^t*) 
Pe 

?8(r* 4-r* + ^*> 



Pig. 228. 
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Expressing these equations in words: To find the stress «, caused by a moment Pe on a rivet 
at a unit distance from the center of gravity of the group of rivets, divide the moment Pe by 
the sum of the squares of the distance of each rivet from the center of gravity of the group. 


r>oo lb. 


CouBtdering the values shown on Fig. 230 

(4) (20,000) 

® “ 2(16+' 64) 

A moment of (4)(20,000) =» 80,(KM) in.-lb. would cause a stress of 500 lb. on a rivet at 1 in. from c; at 4 in. from 
<• the stress would bo (4)(600) * 2000 lb.; and at 8 in. it would be (8)(500) * 4000 lb. In addition, each rivet 
P . 20,000 

takes a stress of - lb. (n equals the number of rivets in the connection). For this connection the stress is — _ - 
ti o 

*= 4000 lb per rivet and acts parallel to the direction of P. The stress on each rivet, caused by the moment Pc, 
acts perpendicular to a straight line between c and the center of the rivet in question. In this case, the direction is 
horisontal for each rivet (see Fig. 233a). The stress on a rivet is the resultant of the stress caused by the moment 

p 

7V and the stress •-. The stress on the rivet at c is 4000 lb.; at 4 in. from c, the stress is the resultant of 2000 and 


4000 lb. or „ _ 

^2000 + 4(X)0 “ 4470 lb 
ami at 8 in. from r 

\^4000 + 4000 * 5050 lb. 

I'hesc results may be obtained graphically a.s shoaii on 
Fig 233o. The only difference in Figs 230, 231, and 
232 is the location and direction of the force P. The 
Stresses on the rivets, however, will vary and are as shown 





Fig. 230. 


Fig. 231 Fig. 232. 


Fig. 233 


In computing the stresses on rivets in connections of this kind, it is necessary to know the 
square of the distance of each rivet from the center of gravity of the group of rivets. Table 
15 gives the square of numbers varying by He from 1 to 42 in. and will save a great deal of 
time in finding these values. This table may also be used in designing web splices for plate 
girders (see Art. 127). 

To illustrate the use of the tabic, the stress s on a rivet at a unit distance from c (see Fig. 234) will be com¬ 
puted. Since the rivets arc symmetrically arranged about aa and bh, it is necessary to find the square of the 
distance of each rivet from c for one-quarter and then multiply the result by 4 
From Table 16 



Fig. 234. 


» 2 25 

(IH)* » 1 

4.14 = n* 
(1H)» - 2.25 
(4^)» «= 19.14 

21.39 » r** 

(IH)* * 2.26 
(7^)* « 54 39 


56.64 *r,* 


The sum of the r squares is (4.14 -f 21.39 + 56.64)4 » 

(6) (40,000) 
* * 328.68 


328.68. and 
- 730 lb. 


Since IH in. enters the computations 3 times, the following method can be used* 


(iH)> - 2 as 

(2.25)(3) • 6.75 

(i«)* “ 

l.ftO 

(4H)* - 

19.14 

(r«)* - 

64.39 


82.17 


82.17 X 4 » 328.68, the same 
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Hie lesultaat stress oa a rivet may be found as follows without finding the oomponents 
in two directions' as in the method just given: Draw a line aa (see Fig. 235) through the center 

P 

of gravity c of the group of rivets and perpendicular to the line of action of P. The stress ^ 

on each rivet is equal and acts downward (parallel to the line of action of P). The stress on 
any rivet on line aa due to the moment Pe acts perpendicular to line aa. Between c and the 
line of action of P, this stress will be downward; on the left of c, the action will be upward. On 
the right of c the resultant stress on a rivet on line aa will be the 
sum of the stress due to P and that due to Pe; on the left of c, the 
resultant stress will be the difference. At some point to the left of c, 
on line oa, the upward stress will equal the downward and there will 
be a point of zero stress. This is the point about which the plate 
would revolve. This point may be determined by the following 
formula 

Sr* 



X' 


ne 


in which X* is the distance from c to the point, Sr* is the sum of the 
squares of the distance of each rivet from the center of gravity of the 
group of rivets, n is the number of rivets in the group, and e is the distance from the center of 
gravity of the group of rivets to the line of action of P. 

The stress s on a rivet at a unit distance from c is found as in the previous method. Then 
the stress on rivets m and m' (see Fig. 235) is Ajs, and acts perpendicular to lines k, 

Sr* 

Conaider the same coonection as shown in Fig. 230. The distance to c' (see Fig. 236o) is X* "• . From 

the previous problem. 2r* is 160. n is 5. and « is 4 in. 


The distance k from e' to the most stressed rivet is 


160 

(6)(4) 


«« 8 in. 


Vs* -h 8* “ 11.31 in. 


and the stress taken by this rivet is (since « is 600 lb. from previous problem) 11.31 X 600 *■ 5656 lb. and acts 
perpendicular to line k. Since e is 45 deg , R makes an angle of 45 deg. with the vertical. These values check 
with those in the previous problem. Considering the connection shown in Fig. 236(6) 


a; - 8 cos 45 deg. » (8) (0.707) - 6.66 in. 
y « 8 sin 46 deg. “ (8) (0.707) *■ 6 66 in. 
k - V6.66a Ij- 1.366* 

Table 15 shows that 0.66 in. is about halfway 
between ^ and in. Then from Table 16 
( 6.66)* » 32 
(13.66)* - 186.6 
and from the same table 

k in. or 14.76 in. 

The top rivet receives the maximum stress, 
ehioh is 

(14.76) (500) - 7376 lb. 

Tana - £1^^ - 0.4144 - 23 deg 30 min. 



These values check with those obtained by the other method. 

Consider the connection shown in Fig. 236(c). In this connection o' falls at the center of the bottom rivet and 
the rivet at the top receives the maximum stress. The value of 1; is 16 in. and the stress taken by the top rivet is 


(16) (600) - 8000 lb. 

and acts parallel to the direction of P. Since o' is at the center of the bottom rivet, there will be no stress in this 
rivsi. These values check with those obtained by the other method. 

ISl* Avoiding Eccentric Connections.—^Eccentric connections should be avoided if pos- 
ribie beeause they not only put additional stress on the rivets but also cause bending in the 
membexs connected. The stresses due to this bending may in some cases be very hii^. Ec¬ 
centric connections, of course, have to be used in many cases; on the other hand, eccentric 
* See p. 618, iPay. itce., Nov. 7, 1614. 
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cotmectiona are often used where they can be avoided. The following figures illustrats a 
of these connections: 

The connections shown in Figs. 237(a) and 237(6) are both eccentric. In Fig. 237(c) 
the line of action of Pi, P 2 , and R meet in a point at the center of the group of rivets in the 




bottom chord connection thus causing no bending in the joint. When there is a moment in the 
joint duo either to eccentricity as in Figs. 237(a) and 237(5), or due to the top chord acting as a 
beam plate a should be made thicker than for the joint in Fig. 237(c). Usually a K-in. plate 
is used and a few extra rivets added. 

The connection in Fig. 238(a) should be made as shown in Fig. 238(5), that in Fig. 239(a) 
as shown in Fig. 239(5), and that in Fig. 240(a) as shown in Fig. 240(5). 



182. Requirements for a Good Joint.—(1) The rivet holes should match; the rivets 
should be properly heated and well driven. 

(2) Ihe line of thrust should pass through the center of gravity of the group of rivets and 
the rivets should be symmetrically arranged about this line. 

(3) Direct tension on rivet heads should not be allowed. 

(4) For a tension member, the rivets should be so arranged that the area of the member 
joined is not reduced more than necessary. 

(6) The number and size of rivets should be sufficient to 
develop the member joined. 

(6) The total thickness of metal should not exceed four 
diameters of the rivet used. 

(7) No loose fillers should be used. 

(8) Members should be straight and bolts used to draw 
them together before the rivets are driven. 

188. Pin Connectioneu 

138a. Bearingi Bending, and Shearing Stresses.— 

In building construction, pins are sometimes used to connect 
members meeting at a joint (see Fig. 241). Pins are subjected to bearing, bending, and shear- 
iiig stresses; the latter, however, may usually be neglected except possibly for small pins, 
^ear and baring values are computed in the same way as for rivets. Tables 16 and 17 give 
the bearing and bending moment values for different sizes of pins for various unit stresses. 

In computing the bending moment on a pin, the stresses from the different members are 
usually considered to be concentrated at the center of the bearing area of each member (see 
Fig. 242). 
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Ulttstrative Problem.'—Compute the maximum bending moment on the pin ehown in Fig. 242. 

The bending moment is tiniform between the centers of plates a, so the maximum moment is at the ooiiter of 
plate a, and is 

(76,000)(1H) - 112,600 in..lb 

The moment at the center of the pin would be the same or 


(75,000)(2H) - (75,000)(1) = (75,000)(1>2> - 112,600 iii-lb 
TSOOO/d Illustrative Problem.—Consider the pin to be 4 in. in diameter. Vi- liat 

•should be the thickness of each of the members if the allowable unit bearing 
stress is 20,000 lb per sq. in ? 

«H20,000)(4) - 75,000 
75.000 1 5 

“■(4) (20.000) * 10 

Table 16 shows that a l-in. plate is good foi 80,000 lb Then foj 
75,000 lb., the thickness should be 

7 5,000 ir» 

’80,000 “ 16 

When members connected at a joint act in different direc- 
litiiis (see Fig. 243), the stresses should be resolved into two 
planes at right angles to each other (usually horizontal and 
vertical). In Fig. 2431 he stress in the diagonal member 3 should be resolved into its horizontal 
and vertical components. Then all the loads acting on the pin should be indicated as shown 
in Fig. 244, where a represents the horizontal forces and b the vertical forces. 

To find the moment on the pin, the moments duo to horizontal loads should first be com¬ 
puted at the different points; then the moments due to the vertical loads. The moment al 
any point, then, would be the resultant of the horizontal and vertical moment.s at that point, or 

M = VMh^TMv^ 



Fiq. 242. 



in which Ma and Mv are the horizontal and vertical moments at the same point on the pin. 
The maximum value for M then would be at a point where the resultant of Mu and Mv is a 
maximum. 


The maximum shear will be the maximum resultant obtained from Figs. 244(a) and (244(6) 


Tmax. == 

The reqmred bearing area should be computed 
for the stress in each member. 

When the members are placed symmetrically 
about the center line (see Fig. 244) as they should 
be, only one-half of the pin needs to be considered. 
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Slttstrative Problem.—Compute the maximum moment on 
the pin in the joint shown in Pig. 246. The horisontal and 
vertical components of 8480 lb. are 

8480 X sin 46 deg. 8480 X cos 45 deg. - 6000 lb. 

Fig. 246 shows the stresses in their assumed positions witJi 
the distance of each from the center line of the pin. 

Hor. mom. about b » (60,000)(^Hs) - 34,380 in.-lb. 

Hot. mom. about c - (60,000)(1H) - (60,000)(3^«) - 34.380 in-lb 
Hor. mom. about d * (50,000)(lHs) - <60,000)CK) + (0000)(K«) - 
Hot. mom. about e » (60,000)(6H) — (50,000)(4»H«) (0000)(4?g) 

Vert. mom. about c » 0 
Vert. mom. about d (6000) (Jfe) - 2630 in.-lb. 

Vert. mom. about r'- (6000) (?^) + (6000) (Ks) « 7880in.-lb. 

^Vert. room, about# * (6000)(4^i) H-(6000)(3»^f,) - (12,000)(3H) - 7880 in.-lb. 




Vbrficol 


Fig. 240. 


37,000 in.-lb. 

*-• (6000)(3iMe) 


37,000 in.-lb. 




'I'AftlJS IG.*-^FlNS~liEARl>fG V ALtTES IX J*OUNDS 05T 

Metal One Inch Thick 

BeaHng Value — Diameter of Pin X Bearing Stress per Table 17.*— Pins—Bendinq Moments in Inch Pounds 

_Square Inch_ Bending Moment = (Diameter of Pin)® X 0.098175 X Stress per Square Inch 
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Mm. mnm.» then, is M • and is 

V(S7.000)* + (7880)* 


87,800 iii.db. 


XUustratiirs Problem,—Assume an allowable unit stress of 24,000 lb. per sq. in, in bearing and a unit fiber stress 
of 24,000 lb. per sq. in. Determine the sise of pin necessary for the joint in Fig. 245. The width of members shown 
in Fig. 246 are to be used. 

The maximum bending moment is 37,800 in -lb. Table 17 shows a pin 2^ in. in diameter to be Batietactory 
(or moment. By inspection it is seen that the >^-in plate governs for bearing The required diameter is 


(M) (24,000) (d) 
50,000 
(H) (24,000) 


60,000 
3 33 jn 


A 3t^«in. pin should be used. 

Table 16 shows that a 3H-in. pin is good for 84,000 X H 52,600 lb. in bearing, which is satisfactory, 
maximum shear is 50,(X)0 lb.; and the required area for shear at a unit stress*of 12,000 lb per sq in. is 


The 


5 0,000 

12,000 


4 16 sq in 


A pin 2H in. in diameter would therefore be satisfactory for shear as its area is 4 91 sq. in. 

1886. Pin Plates.—-Usually the webs of mem¬ 
bers, connected by pins, are not thick enough to transfer the 
stress between the pin and the member. Plates are riveted to 
the web (see Fig. 247) to increase the bearing area and enough 
rivets are used to transfer the stress taken by the pin plates to 
the web. The stress in bearing taken by the web and by the 
pin plate is in proportion to the thickness of each. 

nittstrativs Problem.—Consider the thickness of the channel web to be in and that of the plate in 

Compute the number of rivets necessary to connect the plate to the channel Assume a 3-in. pin 



Fia. 247. 


Bearing value on pm 
Bearing value of rivets 
Shearing value of rivets 


24,000 lb. per sq. tn. 
24,000 lb. per sq in. 
12,000 lb. per sq. in. 


The stress taken by the pm plate is 

(H) (24,000) (3) « 27.0001b 


The value of a ^-m rivet m single shear is (from Table 11) 5300 lb. and the bearing value is 4600 lb. 
The number of rivets required is, therefore 


27,000 

4500 


6 rivets 


The value of the pin connection is 

(H) (24,000) (3) - 45.0001b. 


Bliuitrative Problem.—Suppose a K-in. plate is used on the back of the channel and the H-in- plate is made. 
H in. Determine the number of rivets required to develop the value of the pin in bearing. 

The total thickness of metal is 

H H - 1 in. 

and the bearing value is 

(1) (24,000) (3) - 72,000 lb. (see Table 16) 

The bearing on the H*i&- plate is ’ 


The bearing on the plate is 


(H) (72,000) * 36,000 lb. 


Oi) (72,000) » 18,0001b. 


One rivet is good for 4500 lb. If one^half of the rivet value, or 2250 lb., be allowed in each plate, the number of i 
rivets required for the f^-in. plate is 


18,000 

2250 


■" 8 rivets 


12iea, in the plate, additional rivets at a value of 4500 will be necessary, or 

36,000 ~ 18,000 


4500 


4 rivets 


M the.valiis of a rivet is assttmed to be divided between the plates in proportion to their thieknesees, the vihtli 


J 
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For the plate, 

For the plate. 


'fheu the number of rivets required will be the same in each plate, or 


%qoo 

“1500“ 

30.000 

3000 


12 rivets 
12 rivets 


The total number of rivets required to carry the stress in the plates is 


30.000 4* 18.000 
4500 


12 rivets 


1500 lb. 
30001b. 


In designing tension members the net area through the pin hole and also at the back of the 
pin, should be such that failure will not occur at these points. Some specifications require that 
the net area on line xx(see Fig. 248) be 25% greater than the net area of the pin plate on oo, 
and that the net area on yy be 75% of the area on ,rr. Other specifications 
require that the net area on line xx be 25% greater than the net area of the 
pin plate on aa and that on yy be equal to the net area on oa. The net 
area of the plate on section aa should be equal to or greater than the net 
section of the member to which it is riveted. The method outlined 
under rivets should be used. 

133r. Pin Packing.—A sketch showing the arrangement of 
the members connected by a pin should always be made in order that the 
different members will be placed projierly when the structure is erected. 

Suppose in Fig. 246, members 2 and 3 are interchanged; the moments 
would then be (see Fig. 249). 

Hor. mom. about a = (13^)(50,000)+(K6)(6000) « 59,625 in.-lb. 

Hor. mom. about h « (PKe)(50,000)+ (13^)(6000) - (?i6)(50,000) « 

63,000 in.-lb. 

Vert. mom. about b = (6000) (l>g) = 6750 in.-lb. 

Mi = V(63,000)» + (6750)* = 63,360 in.-lb. 



Fig. 248. 



a 

ioooib^ t. 





> 






_ 



Fig. 249. 


which is almost two times the maximum moment found for the other arrangement of members. 
When theie is a space between two members, fillers should be used to keep them in position. 

133d. Clearance.—In designing a pin- 
connected joint, usually in. is allowed between 
I eyebars; in. between an eyebar and a built-up 
member; and K in. between built-up members. 
Rivet heads or any projection should be considered 
and the above clearances allowed in addition to the 
height of the projection. 

133e. Grip.—The length of a pin is 
computed allowing the above clearances. Then to this length M to ^ in. is added to obtain 
the grip. Tables 18 and 19 give the dimensions for standard pins. Cotter pins are not used 
a great deal except in lateral connections and when used the bars should be arranged so the 
pin will be in double shear. 

133/. Pin Holes.—Specifications usually re -, 
quire that the diameter of a pin hole shall not exceed the ( 
diameter of the pin by more than in. for pins up to 5 
in. in diameter; for larger pins, >32 in. may be allowed. 

The distance center to center of pin holes is usually required to be correct to J 32 in. 

138p. Pilot Point and Driving Nut.—To prevent the threads on the ends of the 
pin from being injured when the pin is driven, a pilot point and driving nut arc used (see Big. 
250). These are threaded the same as the pin nuts and after driving the pin, they are unscrewed 
a>id the nuts put on. 


Fig. 250. 
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Table 18.'—^Hscbssed Pin Nuts—American Bridge Company Standard 

(AH Dimezisioiu in Inohee) 


1 

Diameter of pm, 

! d 

Pin 

1 Nut 

Thread 

j Add 

at 

‘3 S 

Diameter 

.3 

a 

«) 

k, 0) 

s -s 

0, J3 

i 

Pat- 


1 

1 

a 

6 1 

! 

C i 

n in 

C 1 

G 

A 

i g 
O S 

fl: 

iei n 
No. 


2. 


1 

H 

1 

K 

2iK« m 

2H 


1 M« 

1. 1 

PN21 


2H. 2H 

2 

IH 

H 

1 

3 M« 4H 

3H 

H 

I'^Hs 

1.7 

PN 22 

3, 

*3H. 3H 

2h 

IH 


IH 

4 He 5 

an 


2 >,'« 

2 .S 

PN 23 


•3>i. 4 

3 

IH 

^3 

IH 

1 4 U 5H 

4H 

H 

2l8t6 

3 7 

PN 24 



3M 

IH 


IH 

5 H m 

5H 

J’2 

3 Me 

4 f> 

PN 25 


5. 

4 

IH 

H 

IH 

6 M 7H6 

6H 


3'He 

6 2 

PN 26 


*5Hf 6 


m 


IH 

7 8H 

OH 


4 He 

7 H 

PN 27 



5 ! 

iH 

n 

i IH 

7 H 8H 

7 

1 H , 

4'H6j 

9 9 

PN 28 


7 

5H 

2 

H 

IH 

8 H 9H 

7H 


•"> He| 

11 8 

PN 29 


*7J^. 7H 

5H 

2 

H 

IH 

8 H' 10 

1 8 


ry He 

14 3 

PN 30 

*7«. 

8, •SM 

6 

2H 

H 

2H 

9 H lOH 

: 8H 

1 

5'He 

18 0 

PN 31 

•8H. 

9 

6 

2H 


2H 

10 H IIH 

9H 


5'He 

23 8 

PN 32 


10 

6 

2H 

H 

2H 

11 H 13 

lOH 

i H 1 

•liHe 

31 1 

PN 33 







1 1 







Pins marked * are special 

Table 19.'—Cotter Pins—American Bridge ('ompany Standard 
(All Dimensions in Inches) 


Cotter I Pins 


> From Pocket C'ojnpamot), 20th edition. Carnegie Steel f’o , Pittaburdh, Pd. 
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MASONRY ARCHES 

Bt Alfred Wheeler Roberts 

Flat arches are cominon in the walls of ordinary buildings for spanning over window or 
door openings, but in buildings which call for a great deal of architectural adornment, the 
curved arch is used as it adds a great deal to the appearance. The exact form of arch to be 
used in any given case depends upon the st^le of the building and the amount of space 
available. 

An arch over an opening in a building does the work of a lintel by supporting the wall 
over the opening and any superimposed load.' Thus an arch answers the same purpose as 
an ordinary beam, but the action is quite different, inasmuch as a beam produces vertical 
reactions only, while an arch produces an outwaid thrust upon its supports as well as a ver¬ 
tical pressure. In designing arches, special care should be taken that the supporting abut¬ 
ments are capable of taking this outward thrust. 

In plain buildings where the window openings form no particular adornment to the 
structure, it is usually a great deal cheaper to carry brick work on lintels over an opening. 
These lintels usually consist of several pieces of plain angle irons, the outer one of which is set 
a trifle below the ones supporting the back courses of brick work, to hold the window box in 
l>osition and to act as a weather guard. 

In the construction of masonry arches, 
forms are built usually of wood, the top of 
these forms coinciding with the line of the 
intrados of the arch. The forms serve as a 
support for the different arch sections until 
the keystone is placed and the masonry 
has had sufficient time to set. 

134. Definitions.—The intrados is the 
inner curve of the arch (Fig. 251). The 
outer curve is termed the exirados. The 
sofit is the concave surface of the arch. Pio. 251. 

Voitssoirs or nngstones are the pieces com- 

I)osing the arch. The highest or center stone is called the keystone or key block. The crown 
IS the highest part of the arch. The first courses at each side are called springers. In a 
segmental arch, the inclined surface or joint upon which the end of an arch rests is called 
a skewback. The springing line is the inner edge of the skewback. The voussoirs l>etween 
the keystone and the springers are called collectively the haunch of the arch, and the portion 
of the wall above the haunches and below a horizontal line through the crown is termed the 
spandrel. The sides of the arch which are seen are called faces. The span is the horizontal 
distance between springing lines measured parallel to the faces. The rise is the height of 
intrados at crown above level of springing lines. 

The keystone is sometimes made to project several inches above the extrados line, but 
this portion so projected adds nothing to the strength of the arch and is usually elevated for 
appearances only. 

136. Depth of Keystone.—^There is no exact method of determining the required depth 
of the voussoirs or of the keystone. The thickness of an arch must be assumed and then the 
arch investigated in regard to strength. 

There are several rules that have been established by recognized authorities for establishing 
the depth of ke 3 rstones, but these are admitted to be only empirical. They are a good guide, 
however, for making a selection for trial. 

Trautwine's formula for the depth of the keystone for a first-class cut-stone arch, whether 
circular or elliptical is _ 

Depth of key in feet « -^radius of intrados -f 0.2 

* Bee ftbo Art. 29. 
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For second-class work, this depth may be increased about ^ part; and for brick work or fair 
rubble, about 

1$6. Forms of Arches.—Arches are built in a great variety of forms, the most common 
of which are semicircular, segmental, multi-centered, and elliptical. The name is determined 
by the curve of the intrados or inner curve of the arch. 

The joints of semicircular and segmental arches radiate from a single center. In arches 
having two or more centers, the joints in each arc radiate from their respective centers. The 
joints in fiat arches radiate from the vertex of an equilateral triangle having the span line 
at springing as a base. 

Semicircular and semi-elliptical arches are full centered—^that is, they spring from hori¬ 
zontal beds—while segmental arches spring from inclined beds called skewhacks (see Fig. 251). 
Multi-centerd arches may have beds either inclined or horizontal. Minor curves joining the 
arch soffit to pier or abutment are not effective and should not be considered as part of the arch 
rise. Pull centered arches should be used when it is necessary to make the abutments of the 
arch as small as possible. 

A relieving arch is one set immediately above a lintel, to carry the wall above and to relieve 
the lintel of all except its own weight and the weight of the wall between the lintel and the 
arch. This form of construction is generally used in brick walls. Some building codes 
require a relieving arch over the procenium girder in a theatre. 

137. Brick Arches.—Arches built of brick are most commonly used over window openings. 
They are also used to support sidewalks over vaults. In constructing these vaults, brick 
arches are sometimes sprung between the vertical columns at the curb and make a ver>' effective 
retaining wall. 

When fireproof stnictures were first used, brick arches, sprung between the flanges of 
iron beams, were used to support the floors. As this form of construction is very unsightly, 
it is not used in modem construction, except occasionally in buildings of an unfinished 
nature, such as in warehouses and mills. 

Brick arches can be built either of wedge-shaped bricks made to fit the radius of the soffit, 
or of common bricks. The former method is, of course, preferable but much more expensive. 
The common forms of building brick will be found to fill most requirements, and to be the most 
economical in cost. A brick arch should never be less than 4 in. in depth, and the bricks should 
be laid on edge supported by a temporary center until they have properly set. In using common 
size brick the joints at the intrados, will, by necessity, be smaller than at the extrados to accommo¬ 
date the curvature of the arch. Unless the curvature is very sharp, the mortar will take up 
the difference in space satisfactorily, in which case small pieces of slate can be driven in the spattes 
at the extrados of each course of brick. 

An arch 4 in. thick will support a considerable load over a span of from 4 to 6 ft. and 
the span can be made as large as 8 ft. for loads in proportion, with safety. If arches are 
more than 4 in. thick, the bricks should be alternated by laying one on edge and the next on end 
to form a bond. 

For arches supported on piers which have not the stability to take the arch thrust, cast-iron 
skewbacks should be provided from which to spring the arch and the thrust is then taken up by 
tension rods fastened to the skewbacks. The horizontal thrust of the arch is very closely 
determined by either of the following formulas and equals the tension produced in the rods: 

Thrust « X load per square foot X(span)^ 
rise of arch in inches 


or 

Th f ^ load on arch X span 
* 8 X rise of arch in feet 

Good proportions of rise to span occur when the radius is equal to the span, or ^ of the 
Span equals the rise. 

The required minimum thicknesses of brick arches in proportion to the span is covered 
by the various building codes. 

For all brick arches carrying floors, tie rods should be provided between the supporting 
beams or walls to take up the thrust. 
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188. Sztemal Forces. —Let Pi and Pj, Pig. 262, represent the resultants of all the loads 
on the left and right halves of the arch respectively, the loads being equal in amount and 
iqjplied symmetrically with respect to the span of the arch. Let Ri and P* represent the 
vertical reactions. As the loads are equal and symmetrically placed with respect to the span 
of the arch, then Pi and P 2 are equal to each other and equal to loads Pi and P 2 . Let Ps and P4 
represent the horizontal thrust at the supports which 
will both be equal. 

Now assume one-half of the arch to be taken away as 
in Fig. 253. To preserve equilibrium in the half shown, 
a force must be applied at the crown as P®, which must 
be equal to Ps. The algebraic sum of the vertical forces, 
and likewise the sum of the horizontal forces, must equal 
zero in order to produce equilibrium.^ Then Pi must 
equal Pi, and Pb must equal P«. Also the sum of the 
moments about any point must equal zero.^ Therefore, taking moments about the abutment, 



lU 


Pi(B) _ P2(B) 
C C 



Any number of loads can be treated in the same manner and if they are equal and sym¬ 
metrical about the center of the arch, only one-half of the arch need 
be investigated as both halves will be alike. If, however, the loads 
are not equal, or are not placed symmetrically, or if the arch is 
unsymmetrical, the thrust at the crown will not be horizontal. 
Only symmetrical conditions will be considered in this chapter as 
is usually the case with arches in building construction. 

189. Determining the Line of Pressure.—To get a fair idea of 
the nature of the stresses and the line of pressure in an arch, con¬ 
sider the following conditions: 

Suppose a cord, fastened at each end supports a number of loads as in Fig. 254. The cord 
will take a position of equilibrium, depending on the amount and location of the loads. In 
a case like this, the cord is in tension. For an inverted case, as shown in Fig. 255, the forces 
are still in equilibrium, but in place of a cord in tension, the broken line between the points 
of loadings, must be members capable of taking compression. The latter case represents the 
condition that exists in an arch, and the lino intersecting the vertical load lines, forms the line 
of pressure or line of resistance,^ The material of which the arch is constructed must be of such 
strength and so disposed as to safely resist the compressive forces acting along this line—^that 
is, the maximum intensity of pressure at any point must not exceed the allowable stress,* 

The line of pressure for a masonry 
arch should lie within the middle third ^ 
of the arch ring. For instance, with 
an arch 3 ft. deep, the line of pressure 
should be within a space 6 in. on either 
side of the center of the depth. If 
the line of pressure falls outside of the 
middle third, the joints tend to open, 

which condition will tend to make the arch,unsightly, and cause cracks in the masonry above 
the arch; also, the pressure line may make an angle with some of the joints between voussoirs 
such as to cause the voussoirs to slide on their surfaces of contact—in other words, the tangent 
of the angle between the line of pressure and the normal to any joint may be greater then 
the coefficient of friction. 




‘ S«e Sect. 1, Art, 43fe. 

* Sinee loedt are diatributed in an arch, the line of pressure is in reahty a continuous curve, but differs very 
little from an eouiUbrium polygon lor the concentrated loads as usually assumed. For method of drawing 
equilibriupi polygon, see Sect L Art. 43(a). 

• See Sect, h Art. 103, for explanation as to how the maximum unit stress may be obiaiueu at any given section 
provided the normal component of the resultant thrust on the section is known in position and amount 
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To determine the line of pressure or equilibrium polygon for any voussoir or plain concrete 
arch, a point on this line must be determined at the crown and one at the abutment, otherwise an 
indefinite number of lines of pressure could be drawn. The true line of pressure is usually con¬ 
sidered to be the one lying nearest to the center line of the arch. It follows, therefore, that if a 
line of resistance can be drawn within the middle third of the arch ring, the true line of resistance 
will lie within the middle third. It is not always possible to determine at first trial as to 
whether a line of pressure can be drawn which will be wholly within the middle third. By using 
good judgment, however, in the selection of controlling points through which to pass the equilib¬ 
rium polygon or line of pressure, two or three trials will usually suffice. If a line of pressure 
cannot be drawn so as to pass through the middle third, either the thickness of the arch must 
be increased or the shape of the arch ring changed. 

For the first trial the middle points at the crown and skewback may be assumed as points 
on the line of pressure. For other trials, however, the upper limit of the middle third should 
be used at one joint and the lower limit of the middle third at the other joint. 

The following is quoted from the American Civil Engineers' Pocket Book and shows how 



one may proceed in 
determining as to 
whether a line of pres¬ 
sure may be drawn 
within the middle 
third of the arch ring 
after a first trial is 
made and the first 
pressure line found to 
lie outside of the 
iniddie third: 



Fiq. 256. 


Fio 267. 


After having drawn a resistance line which passes outside of the middle-third at one or more places, an attempt 
should be made to find another one which lies within it. For this purpose find on the drawing the two joints where 
the resistance line departs most widely from the neutral axis and select two points Ai and At on those joints which 
are nearer that axis, Ai being on the joint which is the nearer to the crown. Let Pi and Pt be the sum of all loads 
between the crown and A\ and At respectively. oi and aa be the horisontal distances from Ai and At to the lines of 
action of Pi and Pa, A * vertical distance from crown to At, and h* - vertical distance between Ai and Aw then 
the horisontal thrust H' for the new resistance line and the distance t from the crown to its point of application are 
(Cain*i Voussoir Arches, 1904) 

iPtat — Pioi) , , Paot 

H -j-- 

With this new horisontal thrust a second resistance line may be drawn and this should pass through the points 
At and As. 

In taking the loads on arches, all weights must be reduced to the same standard. The 
loads are made equivalent to masonry weighing in pounds per cubic foot, the same as the 
masonry of the arch ring. Usually 1-ft, width of the arch is considered. To determine the 
loads to consider in investigating flat segmental arches, the arch ring and its load may be 
divided into vertical slices, as shown in Fig. 256. For full-centered arches, however, it is more 
accurate to divide the arch ring into a certain number of voussoirs, the rest of the load being 
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divided vertically, as rfiown in Fig. 267. In this case, it is less easy to find the position of each 
load than in the vertical-slice method but the method of investigation is the same.^ 

189a. Graphical Method.—Begin by drawing, to scale, a diagram of one-half 
the arch. The load upon one-half the arch must next be determined. Lay off, to scale, a 
height of masonry whose weight will represent this load. Commencing at the crown, divide 
the load into, say, 2-ft. Sections as far as possible. The weigh^t of each slice will be its contents 
multiplied by the weight per cubic foot, and is marked on the diagram. Next, fix a point at the 
crown, and one at the spring of the arch, through which the pressure curve or equilibrium poly- 
l 5 on is assumed to pass. The points may lie anywhere within the middle third of the width; 
hut the point at the crown has been taken at the outer 6dge, and the point “w” at the 
spring at the inner edge, of the middle third. 

Lay off from on the vertical ad', the distances a5, 6c, cd, etc., which represent the weight 
of the slices from the crown to the spring. Next draw 46-deg. lines from a and 6, intersecting 
at i; and from i draw t6, tc, id, etc. Through the center of gravity of each slice, draw a vertical, 
as ovy pw, qXy etc. Starting from a, draw atf parallel to ai; from r, draw vw parallel to 6i, etc. 
These lines form a broken line, which changes its direction on the vertical line through the 
center of gravity of each slice. From the last point A;, draw kj parallel to t6, and intersecting 



aiy extended, at from j draw a vertical line^Z, which will pass through the center of gravity 
of the half arch and load.* From Z, lay off a distance Im equal to a6, which represents the weight 
of all the slices. From I draw a line through the point u; and from w, a horizontal line inter¬ 
secting luy extended, at n. Then mn will be the horizontal thrust at the crown, required to 
maintain the half arch in equilibrium when the other half is removed; and hi will be the direc¬ 
tion and amount of the oblique thrust at the skewback. On la extended, lay off, from a, a dis^ 
tance ah' equal to mn. From 6', draw lines to 6, c, d, etc., which represent the thrusts at the 
center of gravity of each slice. From a, draw oo, parallel to 6'a; from o, draw op, parallel to 
6'6, etc., then a, o, p, etc., will be points on the line of pressure. If this line lies within the middle 
third, the arch will be stable, provided the pressure is within safe limits. The pressure at u 
is found by measuring 6'6 with the same scale as for ah, he, etc. 

Having calculated the weight of the pier or wall, lay off this weight on the vertical line 
from h to d', and draw d'h'. Draw a vertical line through the center of gravity of the pier, 
cutting In at c'; alfib, a line from o', parallel to h'd'. The latter line will be the resultant thrust 
of the arch , after being influenced by the weight of the pier. If this line falls beyond the foot 
of the pier, at the ground line, the pier will be incapable of resisting the thrust of the arch. In 
order that a pier may be secure, this final or resultant line of thrust should fall on the ground 
line, well within the middle third of the base. 

* the rMoltant ol two or more pwellel foroee, eee Sect. 1. Art, 44. 




304 


HANDBOOK OF BUILDING CONSTBUCTION 


[Sec, 2-1305 


1395. Algebraic Method.—In the arch shown in Fig. 258 the pressure curve 
is considered as passing through the points at the abutments H the depth of the voussoirs from 
the intrados, and through the center of depth at the crown. The arch and load are divided 
by dotted lines into sections, which, for convenience are numbered. 

If w be the width of any section and h its average height, then its area is to X A Also, 
if is the distance from the crown to the center of gravity of a section, the moment m of any 
section about the crown is a X r. Call A the sum of all the a*9 from the crown up to and in¬ 
cluding the section considered. Call M the total of the m’s. Then the distance C from the 
crown to the center of gravity of the portion between the crown and the section considered is 
M • 

of that section. The above values may be tabulated as follows: 


Section 

w 

h 

a ^ UJ X h 

r ’ m a X < } A * Sa Af Xrn 

' 1 


1 

i ' 


2 1 


1 


** 1 1 

1 

1 f 

^ , 1 


1 ! 

5 

. 

1 1 1 

fi 

1 

1 

, ' I 

' 1 


The horizontal thrust at the crown, Q = —^—, in which x is equal to one-half the theo¬ 
retical span, minus the value of C for the sixth section. P is equal to A for the last section, and 
h equals the theoretical rise of the arch. Hence, taking moments about m, 

n - 

^ ~ h 


Multiplying by the weight of the masonry per cubic foot, the horizontal thrust is obtained. 

The line of pressure may now be determined as follows: Draw through point p in Fig. 258 
the horizontal line yz\ lay off to scale from p, in order, the distances C obtained from table. 
At these points lay off the vertical distance e/, gh% ij^ etc., equal respectively to the values of 
A for each section, from the column headed A. From /, A', j, etc., to the same scale, mark 
off the constant horizontal thrust Q, as at/?, AV, /s, etc. Thus the vertical and horizontal forces 
at each section being given, the resultant of these two forces in each case is c?, ?r, w, etc. Ex¬ 
tending each until it intersects the joint beyond c, f, etc., the pressure curve may be drawn 
through these latter points of intersection, as shown by the heavy black line, and the l^iiist at 
the joints may be found by measuring e?, gr, ta, etc., with the scale to which the diagram was 
drawn. 

Since in this case the pressure curve falls well within the middle third of the arch ring, the 
arch may be considered satisfactory, provided the safe crushing strength of the masonry is 
not exceeded. 

The inffuenoe of the last oblique thrust, which is the resultant thrust of*the arch upon the 
pier, or abutment, is explained in ^e preceding article on the graphic solution of the pressure 
curve. 

140. Ardies of Reinforced Concrete.—Concrete arches reinforced with steel are but rarely 
used in building construction so it has been thought advisable to omit the treatment of same* 
Aroiies of this type are treated at length in Concrete Enginaers’ Handbook by Hool and Jobfir* 
on. Flalh ommiete arches may be designed as deacribed in this chapter* 
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PIBRS AND BUTTRESSES 

By Frank C. Thikbben 

141. Methods of Failore.—A pier ACDB upoa which a thnist P acts, as shown in Fig. 
259, may move from its position by sliding on any section, or by overturning when the moment 
of the thrust about a point at the edge exceeds the moment of the weight about the same point. 
A heavy superimposed load on a pier, or an inclined thrust, as from an arch, 
a rafter, or a truss, may cause an intensity of stress at a point in the out¬ 
side edge sufficient to crush the masonry. If the pier is stable against slid¬ 
ing along any bed-joint and also along its foundation, a thnist would shift 
the resultant of the vertical loads, TF, so that the center of pressure on the 
foundation would no longer pass through the center of gravity of the jMer. 

The pressure at one side of the base would become greater than at the 
other side. If the foundation is not firm, excessive pressure may cause the 
structure to overturn bodily. 

142. Principles of Stability.—Proper provision can be made in the 
design and construction of a pier to safeguard against failure as described 
above. The underlying principles are quite simple. 

In Fig. 260, let W represent the weight acting through the center of gravity of the rec¬ 
tangular pier, and let P represent a force tending to overturn the structure. Drawing a parallelo¬ 
gram of forces (see Sect. 1, Art. 42a), the resultant is seen to cut the base 
AP at a point Q. If the force P is increased sufficiently, the resultant will 
pass through A and the structure will then be at the point of rotating about 
A. A slight crushing of the mortar at the edge would be sufficient to cause 
rotation. Therefore, in order to insure safe stability against overturning 
and to secure a satisfactory distribution of pressure, it is customary to 
limit the position within which the resultant should cut the base. In 
ordinary masonry piers the action line of the resultant of all forces should 
intersect the base within the middle section, or middle^third as it is called, 
assuming the base to be divided into three 
equal sections. 

If the force P (Fig. 260) is not acting, 
pressure on the foundation due only to the 

W 

weight W is uniform and its intensity is equal to assuming 

the pier to have a length b and a width of unity in the direc¬ 
tion perpendicular to the plane of the paper. The horizontal 
force P, acting as shown, tends to increase the pressure at A and 
decrease it at B. Considering the pier as a short cantilever, 
free at the upper end, the bending moment due to the force P 
will cause compression at A and tension at B. The maximum 
pressure at A will be equal to that due to the weight of the pier 
plus the compression due to flexure; and the pressure at B 
will be the compression due to the weight of the pier minus the 
tension due to flexure. 

In Fig. 261 let AB repraaent the beae of a pier with the resultant of all 
fcu-oea (E) interaeotiing the base line at Q. Resolve the inoUned force R into 
its hoiiaontal and vertical components. Rig and Rv (see Sect. 1, Art. 425). 

The effect of these two forces will be the same as the single force E. The 
horiioatal eomponent, Eh, tends to cause the pier to slide along the base. 

The vertleal eomponent. Rr^ is equivalent in effect to an equal Ev acting 
at 0 and a eouide whose moment is EYm. At any point distant x from O, 




r 


le. 


Fxo. 260. 
the downward 



according to the oommoa flexure formula (see Sect 1, Art. 615) the intensity of stress (or pressure) due to this 
in whieh / ie the moment of inertia oi the base plane about a line through Q perpendicular to 


moment is 

ao 
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see Sect 1, Art 61c j , The maximum values of tins expression occur when x =■ g 

At the edges A and B the intensity i^ . The total intensity of pressure at 1 is 

Rv , dRvxa R\ /, , 6 to \ 

“ 6* '■ 6— “ r (' * b) 

This value should not exceed the safe working strength of the mortar or other materials of which the structuie is 
built 

At the edge li 



The diagrams of Fig 261(a), 261(6), and 261(c) show, respectively, the uniform intensity of pressuie, the 
intensity due to flexure, and the combination of the two From an inspection of thest diagrams it will b< seen that 

the intensity at the edge B will become sero when ** Solving, xo = that m the resultant iniersei ts 

2Rv 

at one-third the distance AB from A For this condition the intensity of pressure at the edge 4 MtiH be —, or 

double the average intensity If the resultant falls outside the middle third point some tension might occur at the 
edge B but, as the tensile strength of masonry with mortar joints is nearly a negligible quantity the tend* lu v would 
be to have a greatly int reased pressure at the edge A with compression extending over only a part of the joint 
When the resultant intersects within the limits of the middle-third, the full width of the joint acts in supporting 
the structure, the entire joint being in compression 

In many cases architectural considerations may determine the preliminary proportions. 
With the dimensions given, the pier or buttress is then tested for stability. If upon trial it 
is found that the resultant passes outside the iniddlc-third section ol a joint, the general propor¬ 
tions of the pier, the position of superimposed loads or both, should be changed to bring the 
resultant within the desirable hmits. 

The honzontal compionents of the forces acting tend to slide the structure ovei a joint or 
plane of weakness, and are resisted by the fnction of the surfaces m contact For any hori¬ 
zontal joint, motion will occur when H =* /TF, where / is the coefficient of friction, II the sum 
of the horizontal components of forces acting above the joint, and W the weight of the portion 
above the joint. In the following table are given a number of frequently n^quired values of 
the coefficient of friction, with the corresponding values of the angle of inclination at which 
motion occurs: 



/ - 

tin 

0 

Masonry upon masonry 

0 

0 j 

aa* 

Hard limestone on hard limestone 

0 

(I'i 

sa* 

Common brick on common bru k 

0 

bo 

3a® 

Concrete blocks on concrete blo< ka 

1 0 

b5 

aa® 

Common brick on hard limestone 

0 

(>5 

13® 

Masonry upon dry clay 

0 

■>0 

20®40 

Masonry upon moist day 

1 ^ 

i, ; 

18®20' 

Masonry upon sand 

' 0 

40 

1 21® W 

Masonry upon gravel 

1 

(lO 

1 


To make sure that the structure is stable against sliding, a safety factor, commonly two, 
is employed. This is equivalent to providing sufficient resistance so that the structure will 
remain stable under the action of at least twice the slidmg force. Ordinarily, with the dimen¬ 
sions given, the problem is to determine the safety factor, testing the pier or buttress for its 
stability against sliding at the various bed-joints or planes of weakness. If the value of the 
safety factor is found to be below two, added resistance should be provided. Stability can be 
secured by giving the structure sufficient weight, by increasing the frictional resistance, by 
bringing vertical loads to bear upon the upper portions, and, if necessary, by proper bonding, 
doweling, or inclining the joints. In building foundations upon a moist clay soil, it is not 
’gpeommon to add a projection below the base. 
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148. Designing for Stability.—The stability of a given pier or buttress is usually determined 
graphically, or by means of some algebraic work combined with a graphical analysis. The entire 




pr<)l>lein may also be solved algebraically but the grapliical method is rapid and gives sufficient 
accuracy if the scale is well cho.sen. In order to illustrate clearly the 
method of procedure, a structure having the simple form shown in Fig. 

202 will be tested for stability about its base under the action of a thrust T 
applied at the upper corner and acting in the direction shown. 



The first step is to determine the position of the action line of the weight (FT) of the 
entire structure with respect to some vcitical line, such as the face KB. Divide the pier 
or buttress into triangles or quadrilaterals of which the centers of gravity and areas may 
be readily determined. For a rectangle, the center of gravity is found at the intersection 
of the diagonals. For a trapesoid, a simple method is as follows: Bisect JK and QH, Fig. 
262, and draw the medial line J'0\ On the line KJ extended, lay off from -/ tlje distance 
IJG; from // lay off to the right along GH extended, the distance KJ. Connect the extre¬ 
mities as shown. The intersection with the medial lino is the center of gravity desired 
Through each center of gravity draw a vertical line representing the action line of the 
weight of the respective portion. Starting (at the extreme right) at a convenient point n 
on the action line of wu lay off to a convenient scale ab » tci, be = tea, cd wg* and de » 
WA representing the weights of the various portions of the structure. Choose a pole O and 
draw the rays Oa, 06, Oc, Od, and Oe of the force polygon. The action line of the weight 
(FT) of the entire structure is found by the aid of an equilibrium polygon (see Sect. 1, Art. 
43a). 

The distanoe of the action line of W from the face KB (Fig. 262) may also be obtained 
by the method of moments. If the sections into wliich the buttress is divided are simple 
areas, such as triangles or rectangles, the centers of gravity may be readily found. Let the 
distances from KB to the vertical lines through the center of gravity of wi, u»*, tea, and wa 
be represented by ti, Xi, xt, and xa^ respectively. Then the distance X9 is found by taking 
a summation of moments about the line KB and dividing by the total weight. Thus, for 
the buttress of Fig. 262 

(tDi.a-i) + {Wi.xii + (W9.xa) + (wa.xa) 

aro »»-- - - -: -- 

wi + tot + Wa -f W4 

Prolong the action line of the thrust T beyond the intersection with the action line of W 
(Fig. 263). As a force may be considered as applied at any point along its action line, lay 
off to a convenient scale the forces T and W, using the same scale for both. Complete the 
parallelogram of forces. In this case the action line of the resultant of all forces is seen to 



Fio. 266. 


intersect the base line within the middle-third section. If the point of intersection had been outside the middle- 
third point, it would have been necessary to have increased the base or otherwise rearranged the vertical loads to 
bring the intersection within the proper limits. 
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If the struoture of Fig. 262 had been oompoeed of a number of separate parts such as JKHGt OHFBt eto.i fail¬ 
ure might ooour by sliding* overturning* or crushing at any joint. £ven if no joints existed* the imaginary joints 
of all points of weakness would be subject to the same principles and hence should be investigated for stability. 
In Pig. 264 the pressure on the joint QH is due to the thrust T and the weight of the portion JKHO. The point of 
application of the restiltant of these two forces on the portion OHFE is indicated by the arrowhead. To find the 
point of application of the pressure on EF this resultant is combined with the weight of the portion OHFE, The 
points of application for the other joints are found in a similar manner. The dotted line connecting the points 
of intersection of the various joints is called the line of pressure, the line of reeiatance, or the resistance-‘line. If 
the structure is properly designed the resistance line will lie inside the middle-third section of the struoture. 

In church structures it is common to find parallel walls with vaulted roofs, hammer-beam 
trusses, or other types having no tie rod or bottom tension member to take the full thrust of 
the curved or inclined roof. In such cases, the outer walls must be increased in thickness 
or supplied with buttresses to resist the outward thrust. Ordinarily a trial buttress, satisfying 
the architectural requirements, is first sketched and tested for stability by drawing a pressure 
line and determining the factor of safety against sliding at the weakest joint. Fig. 265 shows 
the construction of a pressure line for such a buttress. It will be noted that the structure is 
divided into a number of sections and that one of the lines previously drawn serves for the 
load line of the force polygon. The construction is similar to that required for the buttress 
of mg. 262. 


TIMBER DETAILING 

By Henry D. Dewell 

Timber detailing differs from steel detailing in that there are no generally accepted stand¬ 
ards of connections for timber structures, as in the case of steel framed buildings. In making 
this statement, the writer is not forgetting certain trade or stock joist hangers, post caps, 
etc., the specifications of building ordinances, and the generally accepted types of details 
of mill construction. In recent years, the lumber manufacturers, notably the Southern Pine 
Association and the West Coast Lumbermen’s Association, are doing much toward securing a 
better class of construction in timber. ‘^The Southern Pine Manual” of the Southern Pine 
Association and the “Structural Timber Handbook of Pacific Coast Woods” of the West 
Coast Lumbermen’s Association are excellent aids in design, and should be in the hands of all 
those designing and constructing in timber. 

144. Information to be Given by a Set of Plans.—Every set of plans of a timber framed 
structure should fulfill the following conditions: (1) It should give such information that the 
cost of the work may be accurately computed; (2) it should be in sufficient detail that every 
stick of timber, every rod, bolt, or other piece of iron or steel may be listed and ordered; and 
(3) every important detail should be shown so that the carpenter may have no excuse for framing 
it incorrectly. The lack of proper details on a plan or in a set of plans is many times due to 
the ignorance of the designer with regard to timber joints, and a consequent effort to shift the 
responsibility to the carpenter. 

In a steel framed building an engmeer usually prepares the plans and specifications of 
the structural features of the building; and, in most cases, the engineer’s work is c(!Htifined to 
the steel frame and foundations. The structural plans thus prepared are known as contract 
plans ” in distinction to detail plans or shop drawings. Floor framing plans, sections and eleva* 
tions of wall framing may be shown with details of important connections given. But ordinary 
connections, as of I-beams framing into I-beams, are not shown, as these connections are 
standardized by the steel companies. In total, in the case of a steel framed building, a set 
of contract plans may be but little else than diagrammatic sketches with sizes of members and 
stresses shown in other members, leaving the details to be worked out in the drop of the con* 
traetenr securing the job, subject to the engineer’s or'architect’s approval. 

Turning to the timber framed building, one sometimes sees plans where the same prCeedure 
baa been attempted. Such a method cannot be satisfactory, is a certain source of trouble, 
slid may be disastrous. Such a thing as shop or detail plans in timber framed buildings is 
praeriesQy unknown. Consequently, the contract plans in this case should be eom|d^ 
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in every detail. The one possible exception to this general statement is in the case of the iron 
and steel work. If the designer shows the sizes of rods, bolts, etc,, with typical details of other 
steel members, as bases, castings, etc., and calls for detail drawings in accordance with his 
plans and specifications to be approved by him, the result may be satisfactory. Even in this 
case, however, the chances for trouble are many. The iron work is of such small amount that 
a small steel shop with no drafting force will probably furnish the material, and the details are 
likely to be disappointing. 

The writer believes that time and money are eventually saved, and annoyance prevented, 
if the contract plans show all details carefully worked out. It may be stated that no important 
detail be left to the discretion of the carpenter. With all due respect for his experience and care, 
he seldom understands the requirements of any detail but the simpl(‘st, and many times in his 
endeavor to improve on a detail but hazily indicated actually weakens the stnicture. 

For the proper presentation of the work, there should be given a general plan, framing 
plans of roof and all floors, wall elevations, cross sections and longitudinal sections, elevations and 
sections of any special features, and details of all connections except the very simplest. These 
latter may be covered in the specifications. It is obvious that the exact number of drawings 
must depend wholly on tlie particular building. 

146. Scales.—Ordinarily, the general plan and framing plans should be to the scale of 
or yi in. to the foot. In many cases, the larger scale will be necessary in order to bring out the 
different parts clearly. Often, too, plans of special features may well be made to an even 
larger scale, say H hi., in addition to the general plans which may include such special features. 
However, the general plan to a small scale should always be made, as this may be the one 
place where all parts are assembled as a whole, and where the entire structure may be seen at a 
glance. Elevations and sections may be shown to a 3^ or scale. 

146. Plans Required.—^Assume the case of a timber framed building of the mill building 
type, 100 ft. long and 40 ft. wide, roof trusses spanning from wall to wall supported on posts; 
corrugated iron walls and roof, and floor of timber construction 3 or 4 ft. above the ground, 
supported by posts resting on concrete footings. The following plans, if properly drawn, will, 
with specifications, show the work completely 

1. Grading plan to Me-in* scale. 

2. Foundation plan to H'ia> scale, showing size and location of all piers and wall footings, with details of the 
individual footings and piers to or >|~ia. scale. On this sheet any sewers, water or other pipes may be shown, 
provided that such pipes and connections are so numerous as to merit a special plan. 

3. Elevations of four walls, drawn to H-in. scale, showing all window and door openings, the doors and windows 
being lettered or numbered to correspond with details of same. On these elevations can also be shown any other 
openings, gutters, downspouts, any ornamental features, etc. 

4. Floor framing plan, to H'in. scale, showing sises of joists, girders, and posts, with all dimensions and 
spacing of same. 

5. Hoof framing plan, to scale, showing main trusses, bracing trusses, with their proper letters or numbers, 

roof joists, bracing and bridging. 

6. General roof plan, to H'in. scale, showing roof covering, downspouts, parapet walls, monitors, roof slopes, 
etc. 

7. Wall elevations, to scale, showing framing of wall, posts, girts, studding and bracing. 

S. Cross section of building, to scale, completely detailed as to roof joists, trusses, columns, and floor 
construction. 

9. Miseellaneous details to >ii-in. scale. 

10. Details of all steel to 1-in. scale. 

To the above, if oompletely detailed plans are to be made, should be added: 

11. Wall devations to H*in. scale, showing number and size of corruKat<*d steel. 

12. Material lists. 

If the material lists are made, the designer may feel sure that his plans have had a thorough 
checking. There is no better check on the accuracy and completeness of one’s work than a 
detailed bill of materials; conversely, one can never feel certain that all parts are clearly shown 
until a complete bill of materials has been taken off. 

Brawinfs should never leave the office if badly out of scale. This is a general statement 
^pUcable to ail construction; it holds particularly in timber construction, as the carpenter 
is aimoat certain to scale some lengths of timbers. 
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A general and comprehensive note should be placed on all structural drawings, even re¬ 
peating certain important clauses in the specifications. On the job the specifications may be 
lo,st; the plans are never lost. One note on the drawings is worth two clauses in the 
specifications. 


STRUCTURAL STEEL DETAILING 
By Chas. D. Conklin, Jr. 

The material in this chapter will deal exclusively with the work of that part of the drafting 
room of a structural steel fabricating concern wherein shop detail drawings are prepared. Tin* 
work of the designing and estimating departments of necessity precedes the work described and 
illustrated in this chapter. Designing methods for structural steel members have been ade¬ 
quately covered, both from theoretical and practical points of view, in previous chapters and 
for such, the reader is referred thereto. It is generally understood among structural engineers 
that structural steel detailing knowledge can best be acquired by actual experience in th(‘ 
drafting room where details are made. In fact, among our best detailers may be classed many 
of those who have entered the drawing room as apprentices, and with little or no theoretical 
training, have acquired their ability by practice, observation, and contact with experienced 
draftsmen, templet makers and shopmen. The following description and illustrations are 
given with the thought of presenting to the less experienced draftsmen, some practical sugges¬ 
tions and methods that may be of value to them. It is further hoped that the more experienced 
may find herein some valuable data.* 

147. Drafting Room Organization and Procedure.—Shop detail drawings are the working 
drawings by means of which structural steel is fabricated in the shop. They form the medium 
by which the architect’s or engineer's sketches or general drawings are interpreted to the fab¬ 
ricating shop, in order that the latter may intelligently and quickly manufacture the required 
product. Structural steel, unlike many other materials, is not readily worked m the field or on 
the job. Hence accurate drawings, showing the sizes and lengths of all materials, size and loca¬ 
tion of all holes and rivets, all cuts, coping, and in fact every detail of a structure, must be made 
from which the shop can accurately work. A complete structure must be divided into sections 
of such dimensions that they can be readily handled, shipped, and erected and these sections 
must be marked with identifying marks, called erection or shipping marks, which are shown 
on a sketch of the completed structure for use of the erector. All this drafting work is done 
under the direction of the chief draftsman, who has entire charge of the drafting room and should 
be a man of unquestioned and practical ability. The draftsmen under the chief are usually 
divided into squads of from six to eight men, who are under the direction of a squad chief. 
Those under the squad chief may be divided into checkers, draftsmen and tracers, although 
sometimes checkers work independent of squad chiefs. After the drawings are made and 
checked, final bills of material are made therefrom for purposes of determining accurate weights 
for payment, shipping, etc. Shop lists and shipping lists are also made. These bills are pre¬ 
pared in a separate department, called the billing department, under the direction of a chief 
bill clerk. 

The procedure of the drafting room is somewhat as follows: Information, including sketches, 
design sheets, general drawings, surveys, copy of estimate and other miscellaneous data which 
have been worked up in the designing and estimating department is handed to the chief 
draftsman, who examines same, assigns a contract number to the job, prepares his files for cor¬ 
respondence, etc. and assigns work to squad best able to get out the details. The squad chief 
studies the work thoroughly and in detail, so that he has in mind every point that may arise in 
the preparation of the shop detail drawings. He usually makes a preliminary bill of material 
required for the job, so that the material can be ordered from the mill or reserved from stock. 
In preparing this preliminary bill, it may be necessary for the squad chief or an assistant to 
1 For more elaborate treatment of thie eobjeot, the reader is referred to *'Stniotttral Steel Drafting and £le<* 
meot^y Design** by Cbae. D Conklm, Jr., published by John Wiley 4 Sons. 

V 
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accurately lay out to large scale (say 3 in. to 1 ft.) any details which cannot be determined by 
inspection. The preliminary bill is passed on to the stock clerk, who reserves from stock any 
desired material and hands a list of the balance to the purchasing agent to be purchased from mill. 
This is in the form of a requisition, copies of which together with copies of the material reserved 
from stock, arc handed to the chief draftsman and squad chief. The squad chief then appor¬ 
tions the work among his men, according to their ability to handle it. After drawings are pre¬ 
pared, they arc handed to the checker, who goes over them in detail, noting any corrections 
or desired changes. Drawings are then returned to draftsmen, who back check corrections 
or changes, make them, and return dr^iwings to checker for approval. Drawings are then 
sent to billing department for billing, and are then blue printed for the shop. 

A list of all drawings and blue prints made should be kept, usually on printed forms, by the 
squad chief. Extremely complicated drawings may be made in pencil on detail paper and 
traced in ink by a less experienced man. The more usual and simpler method, however, con¬ 
sists of making a pencil drawing directly on the dull side of tracing cloth and inking it in, all 
work being done by the same draftsman. It is very common now to have drawings made on 
either tracing paper or a specially prepared cloth, m pencil only, using a medium pencil and 
making lines very heavy. These drawings make very good blue prints, and effect a large saving 
of time. Some drafting rooms require their draftsmen to make a complete bill of material of 
the work detailed on a sheet, on the extreme right hand side of the same sheet. This greatly 
simplifies the work of the billing department. 

148. Ordering Material.—In the preparation of the preliminary ordt^r of material from 
which structural shapes and plates may be ordered from the rolling mill or reserved from stock, 
the following rules may be used as they represent average practice: 

1 . Order main material fir At 

2. Beams and channels should be so ordered that a variation of H in in length cither w ay will not affect the 

detail. If an exact length is desired, so state in order and an extra charge may be made 

3. Beams and ChaniielH 

For wall bearing beams, and foundation beams, order neat length. 

For beams framing into other beams, order in. less (to the nearest in.) than the center to center 

distance. 

For beams framing into columns, order 1 in. less (to the nearest in ) than the metal to metal distance. 

For beams framing into riveted members, order 1 in. less than the metal to metal distance. 

Crane runway beams, order 1 in. less than the distance center to center of columns 

Purlins, order 1 in. short (to nearest in.) of distance center to center of trusses. 

If the end connections on beams are milled after riveting, increase thickness of connecting angles to allow 
for this. 

4. Columns. 

Order column material milled one end in. longer than figured length. 

Order column material nulled two ends, to K in* longer than figured length. 

Order column details in 30>ft. lengths (base angles, cap angles, shelf angles, etc.). 

Order lattice bars in 20-ft. lengths. 

6 . Roof Trusses. 

Order chord angles ^4 in. long. 

For web angles, lay out to scale, scale the length, add about in. and multiple to 30-ft. 

For gusset plates, order in multiple lengths of about 20 ft, arranging for as little waste as possible if corners 
are sheared. 

6 . Plate Qirders. 

Use an even inch depth of web plate and make distance back to back «f angles H in. greater. 

Order web plate of girder not milled on the ends, m. shorter than oveiall length. If milled on the ends, 
order in. longer than overall length for one milled end, and ^4 in. for two milled ends. 

Order flange angles ^ in, longer than overall length. 

Order full length cover plates ^ in. longer than overall length 

For cover plates less than full length, order the neat length. 

Mark cover plate U.M. (universal mill or rolled edges). 

Order stiffener angles with fillers K in. longer than neat distance between outstanding legs of flange axigles. 

For crimped stiffener angles, order length equal to distance back to back of flange angles plus 1 in. 

For heavy fitted stiffeners, allow in. for one fitted end and K in. for two fitted ends. 

Order fillers under stiffeners H in. clear of flange angles. 

For diagonal bracing angles, scale length and add in. 

Miscellaneous. 

|*lates planed top or bottom should be ordered a i» thicker than finished thickness, fui eai h plaiawg. 
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Plates having diagonal cuts may be ordered to sketch when over 36 in. wide and say H in. thick, 
depending somewhat on the equipment of the shop for which material is ordered. 

Channels, I-beams, and Z-bars are seldom ordered in multiple lengths. 

In arranging multiple lengths make lengths about 30 ft. and not over 32 ft. Allow about I in. more 
than product of length times number required. Make all multiples end with the nearest K in. 

Order plates to the nearest whole inch in width. Use stock sises when possible 

149. Layouts —Riveted Connectiom ,—When the preliminary bill of material (for ordering 
purposes) has been completed, the next logical step in the preparation of shop details consists 
of designing the riveted connections and making layouts of difficult points, if such have not 
already been made for ordering purposes. The methods of designing riveted connections have 
been described in a previous chapter. All connections should be carefully investigated so that 
there may be no weak links in an otherwise strong structure. Difficult connections should be 
drawn out in pencil to a large scale, say 3 in. to 1 ft,, in order to determine clearances, end dis¬ 
tances, and other necessary data for detailing. These layouts are sometimes made and riveted 
connections designed by squad chiefs although often such are left to the detailer. Layouts 
consume much time and should not be made unless absolutely necessary. The usual scale to 
which shop detail drawings are made is in. to 1 ft.; sometimes 1 in. to 1 ft. is used. In such 
cases, it is unnecessary to make layouts of simple truss connections or other diagonal connec¬ 
tions of similar nature. A careful draftsman can readily determine all necessary data from the 
shop detail drawing, which for trusses and similar work should be made accurately to scale. 
All shop details should be drawn to scale in so far as possible, the only exception to this being 
the length of beam sketches which may be distorted to save space and time. 

Theoretically, the working lines or skeleton upon which a truss or similar structure is laid 
out, should be the gravity lines of the members composing the truss. Practically, however, 
for light roof trusses, the rivet lines are used, thus much simplifying the work for draftsman and 
shop. The skeleton diagram for the truss is laid out first to scale and the angles or other truss 
members are drawn around the skeleton using the latter as the rivet lines of the angles, the 
proper gages (as found in the steel handbook) being used. For heavy trusses, or similar struc¬ 
tures, in order to avoid excessive moments at the connections, the gravity lines should be used 
as working lines. 

150. Shop Detail Drawings.—After all layouts have been made and connections designed, 
the draftsman proceeds to make the shop detail drawing to scales as indicated below. In pre¬ 
paring shop detail drawings, the draftsman might well keep in mind the following rules, w^ch 
arc t 3 rpical of modem practice : 

Make shop details to scale of in. to 1 ft. or 1 in. to 1 ft. In exceptional cases, H or in. to 1 ft. may be 
used. 

Use cai*e in plaoinie drawing on sheet to avoid unnecessary crowding of sketches or dimensions. 

Sise of sheet for large drawings is usually 24 X 36 in. Small sheets may be used for detailing beams, channels, 
pins, etc. Printed beam and channel sheets, with outline of beams and channels and dimension lines printed in 
black ink, save oonsiderable time in this type of detailing. 

Title of sheet should be placed in lower right-hand corner. 

Detail members as nearly as practicable in the position which they occupy in the finished structure. liorP 
aontal members should be detailed lengthwise and vertical members, crosswise on the sheet. Inclined members 
and vertical members, such as columns, may be detailed lengthwise on the sheet in which case the lower end should 
be placed to the left. 

Show elevations, sections, ahd other views in their proper positions. Place top view directly above and bottom 
view below the elevation. The bottom view is always drawn as a horisontal section as seen from above. 

For member aymmetrioal about a center line, draw only the left-hand half and note that it is symmetrical about 
the center line. 

Several members, when similar, but alighUy different, may be detailed on one sketch, the difference being shown 
by notes. Make such notes positive. Do not use the word **oinit.'* If such notes become oumbersotne and lead 
to ambiguity, avoid them and make another sketch. 

laminate all unueeessary view# and lines. G^ow Just enough to express to shop what xs intendeds A shop 
detail is fust a working drawing and not a masterpiece of art. Do not cross hatch, blacken or otherwise elabor¬ 
ate a eh(^ detail uniess it is absolutely necessary to make the drawing clearly understood. 

On the other hand, make all work shown clear ntid distCnet all dimensioti# in figureaso that aU can he 

aasity fcdlowed. If a detail is wotth making, it is worth makiii^rifbt and In such manner tha^ shop wiU have m 

difSeiilty in ifiterpreti^ it,''V ^ a 
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Make the part representing the steel work detailed of heavy black lines. Do not show hidden parfs unlese 
necessary for dearness and then show these parts by heavy dotted lines. 

In detailing members which connect to others, the latter may be shown in red lines, in order to illustrate their 
relative position. Avoid the use of colored inks on shop drawings except in this case. 

Dimension lines and rivet lines should be made of fine black lines, full and not dotted. Dimensions should 
placed above dimension lines, and not in or on them. Make fractions with horizontal dividing lines. 

Holes for field connections should be blackened. All holes in a group should be shown, as a rule. Rivet heads 
of shop driven rivets shall be shown only when necessary, as at the ends of members, when countersunk, flattened, 
or adjacent to field connections. Make open holes smaller in diameter (on the drawing) than the circles represent'^ 
ing shop driven rivets. 

When part of one member to be detailed is the same as another already detailed, it is unnecessary to repeat 
dimensions, etc. It is only necessary to refer to the previous sketch, describing the parts that are the same. 

Main dimensions, such as story heights, center to center distances, etc , when given on a detailed drawing, are 
very helpful to a checker. 

The size and length of material should be given close to the part which it represents, in clear, neat figures. If 
placed to one side, an arrowhead should indicate material referred to. 

If a series of dimension lines are given adjacent to a sketch, largest dimensions should be given farthest from 
sketch, and small dimensions next to the sketch. Dimension lines should be drawn from to H in. apart. 

Refer to steel handbook or Art. 124o for conventional signs for rivets; that is, for method of representing, on 
detail drawings, the various kinds of rivet heads, such os button head, countersunk one or both sides, etc. 

The usual maximum sizes for shipping by railway in one freight car are 8 ft. for width, 10 ft. for height, and 
30 to 40 ft. for length. In detailing structures, field connections should be placed such as to keep the member shop 
rivets within the above sises. In exceptional cases, members may be made longer than the above and shipped on 
two or more cars. In export work, structures are usually shipped knocked down (in small pieces) to facilitate 
shipping by boat. 

Each piece that is shipped separately should have an erection or shipping mark which shall consist of capital 
letters and numerals or numerals only. Do not u«,e small letters for erection marks. Pieces which are absolutely 
alike may have the same erection mark. Trusses arc usually marked T\-T2, etc.; columns C'l-C2, etc. 

For purposes of assembling the various parts of one member in the shop, assembling marks should be used for 
each plate or shape. These shall consist of small letters and numerai<« No capital letters should be used. One 
system of assembling' marks in common use is given below. 

Members which are absolutely similar but opposites are called rights and lofts The member detailed in such 
cases is called the right-hand piece and the opposite one, the left-hand piece. The erection mark of the former 
IB followed by a large R and the erection mark of the latter by a large L 

The number of members reqiured should be distinctly stated on a drawing. In a list giving the required num¬ 
ber of members, wiite the word "one” out. 

Parts of members which must be shipped bolted so that they can be taken off during the erection should be 
marked "Bolt for shipment.” 

The size of rivets, open holes, nature of shop paint, and other notes should be specified near the lower right- 
hand corner of each sheet. 

For title, main dimensions, and shipping or erection marks, letter in heavy type. Use plain lettering, medium 
type, for other data. 

Usual size of rivets for building work is in. in diameter. Other sizes may be used in exceptional cases. 

In writing shop bills, main material should be billed first, followed by smaller pieces. Begin at the left end of 
a girder or truss and at the bottom of a column. Do not bill all angles and then all plates; group the material to¬ 
gether that is assembled together. In case of a column containing brackets, bill each different bracket complete 
by itself. The shop bill is used as a guide in laying out and assembling the member in the shop as well as list of 
material required, and should be made accordingly. Members radically different should be billed separately an d 
not bunched together. 

Use standard beam connections for connecting beams to beams, as indicated in steel handbook or Art. 120a 
except in special oases. Watch the limiting values of such connections to see that they are not exceeded. 

Iti beam details, it is usual to make the distance center to center of end connection holes 6H in* In e beam* 
detail showing the elevation of the Ureb of a beam, it is luually understood that the horizontal distance center to 
center of lines of ^holes, when this distance is not apven on drawing, is 5>4 in. and the vertical distance between boles, 
when not given, is 2H in. 

Most stTuetura! steel shops have numerous standard details which should be followed when possible. 

Avoid unnecessary countersunk rivets, as they are very costly. Use the least possible number of such in the 
bases of odumns. 

Steel handbooks give standard gages (distaiioeejjenter to center of lines of holes for flanges of beams and 
odumns or distances from back of ang^e to lines of holes for angles) for beams, columns, and angles and these gages 
sheidfl be deed when possible. 

mvets should be so spaoed that they can be readily driven in a shop or field as may be necessary. Proper 
elearmsoes and epaetog can be obtained from the steel handbook. 

Holes for anehor bolts are usually H to He in* larger than the aise of the bolts, to aUow for discrepancies in 
sett^ bolt* 

inws WMil MlnbUUm dmp elegrssioe between diagonal steel tmunbers and ohorde, as in truss work, is M bt 
BIM steuaeii ndalama&y in suokjiUMMs, should be H in. A beam franUng to other steel members by means cl 
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oonneotion angles should have an overall length H in. less than the hgured distance between surfaces against which 
beam frames. 

When one beam frames into another with flanges at the same elevation, the flange of the former mtut be out 
out or **coped” to fit against the flange of the latter. It is not customary to dimension a cope on a detailed draw¬ 
ing, but merely to call for the sise of beam to which one detailed must be coped (see typical beam details). The shop 
docs the rest in such cases. 

An erection diagram, usually a line diagram of the completed structure, should be made with the erection or 
shipping marks thereon, to enable the erector to easily assemble the work in the field. 

Lettering should be simple, straight line Gothic style, preferably inclined although vertical lettering is fre¬ 
quently used. Drawings should be neat and clear so as to inspire confidence in their accuracy. 

Dimensions given on a column, when not otherwise shown, are measured from the top of the base plate to the 
point indicated. 

Wherever a note on a drawing will help the erector, by all means use it. It is quite common to place a mark 
on a me mber showing the position of one end of the member in the finished structure so that the erector will erect 
the member as intended. 

151. Assembling Marks.—The system of assembling marks which follows is in very com¬ 


mon use. It has been used in the typical details at the end of the chapter. 

Shop Assembling Marks 

Typical letter Where used 

a .For base and cap angles on columns. 

h. For bottom seat angles supporting beams and girders, connecting to columns or girders, 

r For base plates, cap plates, and splice plates 

d For fillers wdth two or more lines of holes 

/ . . .For fillers with single line of holes. 

0 .For gusset plates on columns or trusses. 

h .For all bent angles and plates. 

k . . For stiffener angles fitted at one end only, such as angles under beam seats or at column bases. 

m .. . . For miscellaneous angles and shapes not covered by the above. 

n .For miscellaneous plates not covered by the above; also tie plates. 

p .. For pin plates. 

. For stiffener angles fitted at both ends. 

t .For top connection anodes tying beams or girders to columns. 

V. . For purlin clips. 

uf .For web members of trusses, laterals in girders or angles in cross frames unless such material 

is shipped loose without being connected to any other part, 
y. For lattice bars. 


Material that appears on two or more sheets shall be identified as standard pieces. Stand¬ 
ard pieces will be identified by the typical letter given under shop assembling marks and a 
figure, followed by the letter The letter ‘‘a;” indicates that the pieces are standard. For 
example, a series of standard stiffener angles, fitted at one end only will be given as 
**k2Xf** etc., the letter k indicating a stiffener angle fitted at one end only, the numerals 1, 2, 
etc., being the identifying marks, and the letter x making them standard pieces. 

For all standard pieces on an order, a summary shall be prepared. This summary mui^ 
give the number of pieces, size, length, mark, and the sheet number on which the piece is first 
detailed. All pieces having the same typical letter shall be grouped together as far as possible 
in the summary, the numbers to follow each other consecutively. Summary sheets shall be 
numbered consecutively XI — X2, etc. Summary of standard pieces shall be made for each 
tier or shipment. 

Pieces not standard are pieces that occur only on one sheet. They will be identified by the 
typical letter given under the shop assembling marks followed by a small letter and the sheet 
number. For example, an odd seat angle shown on sheet number 1 is marked **bal.’* The 
numeral ** giving the sheet number, should not be given on the drawing; it should only be 
given in the marking column provided in the shop bill. Hence the angle ** hal ” would appear on 
the drawing as and in the shop bill as ^*haV\ Additional seat angles on the same sheet 
would be marked '^661 ’’ ’’ etc. No summary is made for pieces not standard. 

All material shipped loose shall have a shipping mark. 

msienaH ordered from the rolling mill i^iist be so noted in the last column of the shop 

i k 

tit* TyiNipl |mgll Dniwiiifi,*^Figs. 210 to 271 inclnsivie are hm presented e« being 
larpisil dreirinfs of membeie most fleetly met with in tmlldbig oonstiuetiMi 
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Simple members were selected for these illustrations because of their simplicity but the methods 
of laying out and arrangement of sketches and dimensions might be studied to advantage and 
applied to more complicated structures. These methods are typical of modem practice and are 
easily and quickly applied and readily understood by shop workmen. 

Figs. 266 and 267 give typical beam details. Where horizontal distance between holes is 
omitted, distance center to center is understood to be in. When vertical distance between 
holes is omitted, such distance center to center is understood to be 2J^ in. These beam sketches 
are taken from The American Bridge Company's standard and are typical of current practice. 
In general detailing, which might be used by any shop, it is better to provide the omitted dimen¬ 
sions, size of angles, etc. on the drawing. 

Figs. 268 and 269 show shop detail drawings of Bethlehem H and built-up mill building 
columns. Fig. 270 is a shop detail drawing of modem roof tmsses, and Fig. 271 of a building 
plate girder. Figs. 266, 267, and 270 have been taken from Conklin's ^'Stmctural Steel Draft¬ 
ing and Elementary Design." 

The details shown in Fig. 270 are those for a series of steel roof trusses for a building roof, 
the complete connections for purlins, struts, and bracing being shown. Tmsses of this type 
and size are usually shipped in halves, the hanger at center and center bottom chord being 
shipped loose. Note the open holes to provide for this. 


CONCRETE DETAILING 

By Walter W. Clifford 

Concrete detailing, as a branch of stmctural drafting, is young, and pitifully weak as com¬ 
pared with steel detailing. This is particularly unfortunate, as the grade of labor used on con¬ 
crete and reinforcement is usually less skilled than that used on steel. Up to the present time, 
credit for the success of much concrete constmction has belonged more to the superintendent or 
foreman of constmction than to the architects or engineers who designed the work. 

In concrete detailing, two things must be considered; (1) the outlines of concrete which 
give necessary information for the forms, and (2) reinforcement details used in the bending 
shed to get out steel, and on the floor to place it. 

153. Outlines.—Outlines, or outside dimensions of concrete, are invariably given by the 
architect or engineer designing the work. For this part of concrete detailing the common mles 
of drafting usually suffice. In general, outlines and reinforcement can be taken care of on the 
same drawing. But where the outlines are very complicated, separate outline and reinforce¬ 
ment drawings avoid confusion and save time in the drafting room as well as in the field. Ck>m- 
mon cases of this kind are wells and pits, and complicated floors. For wells and pits outline 
drawings" are made giving all information for forms, and then in making the reinforcement 
drawings, the outlines as represented by forms being defined, reinforcement is located from them. 
In the case of floors, so-called surface plans " are often made. Upon these plans, together with 
necessary sections, openings and pedestals are located and dimensioned; surface slope, if any, 
is shown; and beams are marked, sized, and located. In a few cases floors have been so ex¬ 
tremely complicated that it was found advisable to add to surface and reinforcement plans, a 
machine bolt location plan. 

IM. Dimensions. —In dimensioning similar members, such as beams or columns, a logical 
and consistent location of dimensions will simplify both office and field work. On beam details, 
for example, give the locations of intersecting beams in a line of dimensions above the elevation; 
tile clear span and support width in the first line of dimension below the elevation; and 
tiie span center to center of supports below this (see Fig. 279, p. 325). Give stirrup spacing 
near the center of the elevation; list the cambered or bent steel just below right end; the 
straight stedi bebw the left end; atirmps and spacers under the center of the beam, etc. Con- 
a^atepey of this Jdud is essential for goOd detail. The location of tiie information, so long as it 
lj|<«dcglly i» of less ipiportance than the consistency in placing it in a given location, 



322 


HANDBOOK OF BUILDING CONSTRUCTION 


[Sec. 2-155 


155* Framing Plans.—Where there is no surface plan, framing plans are usually combined 
with slab reinforcing plans. Framing plans should show clearly: all column center lines, loca¬ 
tion of all beams, sise of all beams (in case of sloping floor surface, note grade from which beam 
depth is given), beam marks, column marks, and preferably the sizes of the columns, below the 
floor. Concrete beams are shown to scale on M-in. scale plans and as a single heavy line on 
in. scale plans. Steel beams supporting concrete slabs are well shown by a very heavy dash 
line. 

Beam and colutiin marks are of considerable importance. The common custom of 
numbering them in sequence is open to objections. In the course of the changes which most 
plans undergo. No. 92 is likely to land between Nos. 5 and 6 and it is then difficult to locate. 
The codrdinate system while it seems complicated at first, is really simple and easy to learn. 
In this system column linos vertical on the plan are lettered and horizontal lines are numbered. 
Beams can then be marked with the mark of the column at the lower left-hand comer of the 
bay in which they occur together with H for horizontal on the plan, or V for vertical. Pig. 272 
illustrates tliis system. Intermediate beams may be designated by primes. Typical beams 
which repeat a numl)er of times ma}^ have single numbers—odd for horizontal, and even for 
vertical beams on the plan—in place of location marks. The floor number may precede the 
mark. With this system any member added during the making of the drawings has a mark 

ready for it and cross reference between framing plans and details 
is greatly facilitated. 

Floor grades and references to the sheets on which details will 
be found are useful additions to framing plans. 

156. Reinforcement Details of the Architect.—There are two 
kinds of reinforcement details, those of the architect and those 
of the engineer or contractor. The architect is necessarily in¬ 
terested only in giving the information essential for carrying out 
his design, while the engineer has to give complete information 
for the bending shop. The information which the architectural 
office must give is, in general: size and location of all main rein¬ 
forcement together with the angle and location of all cambers and 
bends; also the size, shape and location or spacing of auxiliary 
rods such as stirnips, hoops, and spacers. The architect must remember that if he is to 
justify himself as a designer of his work he must at least give such information that details 
can be made in only one way and then he must check bending details to see that they are 
properly made. 

Much of the necessiiry information can be covered by notes on drawings or specifications 
such as; 

AU main slab steel shall be oentered in. above the forms for bottom steel and H in. below the rough slab grade 
for top steel. 

The lower layer of beam steel shall be centered 2 in. above the forms in all beams and 8 in. in all girders. The 
top layer of negative reinforoement shall be oentered 2 in. below the rough slab grade for all beams and 3 in. for all 
girders. 

Chairs or supports for reinforcement may be covered by note or in specifications in the 
following manner: 

Chairs of an approved type shall be used to support all slab steel. At least one chair shall be used for each 15 
sq. ft. of floor. 

157* Reinlorcemetit Details of the Engineer or Contractor.—Detailing by the contractor 
is analogous to steel shop drawing. Assembly drawings should be made on which each piece 
is given a mark, with the place it is to occupy in the form definitely indicated. Complete 
schedules should also be given with bending diagrams. A number of engineers, whose busi¬ 
ness arrangements with clients permit it, detail the concrete fully and schedule the reinforce¬ 
ment. This is the most satisfactory method, for the designer of concrete should be entirely 
respmiBible for, the details. Details of various pas^ of concrete construction will now be con¬ 
sidered aomesliat the viewpoint of the edntrsetor or the fortunate engineer able to 
detail his own vaork 
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158* Scale and Conventions. —Scale for concrete details is quite commonly in. — 1 ft., 
and this is satisfactory for most work. Sections may be indicated by shading on the back 
of the tracing with a soft pencil. This is quicker than the conventional symbol and at least as 
effective. Full heavy lines are used for reinforcement in the details given in this chapter, 
and this is most satisfactory on drawings. The distinction between the rods and the outline 
of the concrete is in the weight of the line. Dash lines as sometimes used are slower to draw and 
often lead to confusion where rods cross at angles. 

It should be borne in mind that concrete reinforcement details are largely diagrams. 
Clear indication of the way rods are to go, 
is vastly more important than true ortho¬ 
graphic projection. For example, the rods 
shown over a beam support in actual pro¬ 
jection in Fig. 273 may be in diagram as Fio. 273. Pia 274. Fia. 276. 

shown in Fig. 274 or as shown in Fig. 275. 

They should be diagrammed correctly as shown in one of the later views. The cross section 
will indicate that they are at the same elevation, and proper scheduling will bring them there. 

169. Slabs and Walls. —Slabs and walls are similar in detail anri vary only in position. 
They have in general mam reinforcement perpendicular to a system of beams, and spacers at 
right angles to the main rods. Tlie main steel may be cambered to give negative reinforcement, 
or the so-called loose-rod system of separate bars to take care of negative moment may be used. 
In walls, vertical rods are placed outside (nearer the face) wherever possible. This is better for 

placing concrete. 

159a. 

Listing.—Steel in 
plan, or elevation if in 
walls, is best indicated 
by considering bands 
consisting of rows of 
evenly spaced identi¬ 
cal bars. The outside 
bars of the band are 
shown and the band 
listed as shown in Fig. 
276. 

In architectural 
detailing the bands 
may be similarly 
shown and listed 
simply <f> 6"c. to 
c.^’ 

A diagram of two 
adjacent rods will be 
noted in Fig. 276 in 
the center of the bays. 
This is an advantage 
in working out the detail and will save separate sections to a large extent. 

To differentiate clearly between steel in top and bottom or far and near side, a method 
successfully used is to add to the listing/.a. or thus **29-5^" ^A42-6" c. to c.—t.s.'' Then 
use as a general note: All rods marked ts, are in the top of the slab, all other rods are botxcnn 
or cambered steel'’ or All rods marked/.a. are in the far side, all other rods are in the near side." 

In listing bands, the number of r<^, type, and spacing are obviously needed for setting 
the steel on the floors. The sise should also be given because rods are ordinarily stored by sizes 
on the job, and this infotmation is, therefore, helpful in finding them. Schedules are ordi¬ 
narily not used in setting^and if used, cross referenee between plan and schedule is a nuisance. 
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1506. Spacers.—Spacers are very commonly %-in. rounds, 2 ft. on centers, for 
ordinary slabs. In walls a sire smaller than the main reinforcement is commonly used with a 
maximum of in. and a minimum of H in., and with spacing 18 in. to 3 ft. They arc ordinarily 
random length for the smaller rods, scheduled as total length and cut on the floor. They may 
be covered by a note, or indicated in the diagram (see Mg. 276). The larger spacens (% or 
in.) are best listed and typed in bands like main reinforcement. 

169c. Rod Spacing.—Rod spacing m slabs is hmited in the Joint Committee^ 
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pit/yxMiW to 2H times the 

f - -- r f -F n thickness and the 

^ ^ Tir BI»M~T ^ » mimmum should be as in 

" I "I Ic ,^ beams. Common prae- 

y ” ' ’ I ^ ’TP ? ordinary work is 

* ^ |l "^Ito l}4 times the slab 

j ^ i thickness. 

i ' I 169d.Sec- 

\ _g 2S^*/A260 S^chc fs s J S ^ tions.—In addition to 

• ^ j I , slab plans and wall eleva- 

g Si ij I ^ tions, sufiicient sections 

^ s’! 4 must be given to clearly 

I L jj indicate the location of 

■ I f “ I FT -^ all steel (see Fig. 277). 

I I j _ I I 1 169«. Flat 

^ ~ Section A*A Slabs.—Flat slab con- 

Fia 277 -Wall det.il struction is detailed like 

other slabs, except that 

typical bands may well be listed ^^Band A,*' etcf, the schedule indicating the makeup of 
the various bands This is sometimes possible with beam-and-slab construction. The 
S. M. I. flat-slab system makes use of units of spider type over columns and in the center of 
bays. On reinforcement plans of this system each unit is completely shown once and else¬ 
where simply a circle is shown (the outside ring) and marked “Unit C,’^ etc. Where separate 
units are used for positive and negative reinforcement, different weights of lines may be used 
for top and bottom steel This helps greatly in the clearness of the drawings. 


Eievafton 
Fro 277- 
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180* Beams. —tyiueal beam detail from an arohitectuml office is shown in Fig. 278. 
The same beam is fully detailed in Fig. 279. The best practice is to detail beams and columns 
as separate units or members, as is done in steel detailing. This is preferable to covering them 
hf variknis and sundry sections throui^ the fbor. Some conventions are used. The dash 
^e is tiaed in the section to indicate oambem In elevation; in the elevation it is used to Indicate 
fMdoaging to another detail. A somewhat lighter line is used for stirrups than for mam 
at the top of the camber Utmed for a horisontal rod in devation iThile 
Msniid''dM tensed for the rods cut by the section. 
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160a. Rod Spacixtg.-*-‘Rod spacing in beams is discussed from the theoretica) 
point of view in Sect. 1, Art. 63A. In addition to this the detailer should know that the clOttr 
distance between rods should be not less than twice the largest aggregate size. Rods are often 
used in two layers, very seldom more than two. Layers of beam rods are usually separated 
1 in. by short spacer bars. The distance between these spacers depends on the size of the main 
steel. Fifty times the diameter of the main steel is reasonable. There should be at least two 
spacers under each rod of the top layer. 

1606. Connections.—The intersection of beam, girder, and column steel over 
the column head must be carefully studied. With a beam centered on a column, careless 



detailing often has a rod in the center of the column and one in the center of the beam. Small 
rods (3»2 in. or less) are easily offset, but this is not the case with larger rods. Beam and girder 
intersections must also be detailed with care to see that interference is not caused by rods at 
the same grade. • 

160c. Inflection Points.—Certain parts of concrete theory are particularly the 
province of the detailer. He should be familiar with the use of reinforcement to take tension 
and know which is the tension side of beams in all cases—as well as in slabs and walls. He 
should also have a general idea, at least, of the location of inflection points. See Restrained 
and Continuous Beams, Sect. 1. 

160d. Stirrups.—^Shear and stirrups are also very much the province of the 
detailer. He should know the variation of shear 
with uniform and concentrated loads (see 
'^Shears and Moments,^' Sect. 1, and ^'Re- 
stTained and Continuous Beams,” Sect. 1). He 
should be familiar with the method of determin¬ 
ing stirrup spacing (sec Reinforced Concrete 
Beams and Slabs,” Sect. 2). In addition to 
theoretical consideration the following practical 
points are useful: It is good practice to place 
stirrups 4 or 6 in. from the face of all intersect¬ 
ing beams. The first stirrup is located by 
many engineers about H of the depth of 
the beam from the face of the support, diagonal tension cracks almost never starting at the 
support. In very wide beams where stirrups of more than four legs would be needed it is 
better from a practical standpoint to use several U’s or W^s as shown in Fig. 280. Rods larger 
than H in. should not be used as stirrups, unless absolutely necessary, on accoimt of ^e 
difficulty of bending. 

Bond* —Bond is seldom an important item in beam and slab design. 
Mdttt ptopei^ly designed beam teinforcement is sufficient for bond. In beams continuous 
dvet snppotts, part of the main reinforcement is usually cambered. The balance is continued 
sdjenss the support Us eomiiression steel in T-*beiuns, and this use determines the lap rather than 
Wad #se i%ht4iand support, Hg. 279). At end supports, straight steel is often hooked. 
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It Is good practice to hook the ends of tension rods at all end supports. The ends of stirrups 
usually need hooks for bond and it is good practice to hook all of them. 

161. Columns*—Columns can, if simple, be covered by a column schedule of the type 
shown in Fig. 281. The rod schedule and a few notes will complete the necessary information. 
In the architectural type of detailing, main steel may be listed as long rods and short rodsy and 
notes added such as “Short rods shall be 6 in. shorter than the distance floor to floor,‘‘Long 
rods shall be 50 diameters longer than the distance floor to floor,” “All columns arc to bo 
concentric, except those on the A, C, 1, and 10 lines, which are to be flush on th(' outside 
face or faces.” In the case of columns having complications such as brackets, an elevation 
should be drawn similar to beam elevations and the necessary sections added. 


COLUMN schedule: 


ColNoa ALA2. 


Steel 


SecHon 


Sfee/ 


AS. AZ A9 


Section 


I 

*0 


6-itA450S 

/6-f*a0O3 

IStc-toc 


Sedien same 
as 2"^ Story 


6-¥tA4506 

04503 



Si 


I 


sftAfSO-J 

Z-ftM50-4 

is*c.toc. 



Steel same as 

A! 


Sectiemsame 
as A! 


!5 


I 


6-l^t>C4»}Z 
Z-J%A450-Z 
IO-it0450’Z 
IZtc-to c. 



Steelsameas 

A! 


Section same 
as Ai. 






a-/> C450 I 
E-rpA450I 
204P04S(>I 
fE^cJoc. 



Steel same cfs 
At 



AH splice rods to be lapped 40 diameters. 

Fig. 281. 


• 161a. Rod Spacing.—The rod spacing of the main rods usually takes care of 

itself with standard percentages of steel and commercial rod sizes. The maximum spacing 
of vertical rods allowed by good practice is about 10 or 12 in. In the case of large columns 
with high percentages oi steel it is difficult to get all that are required in one band. The largest 
rod eadly available in most localities is 1in. In large columns these should be spaced at 
least 6 in. apart, and where spiral hooping is used at least 8 in. Where too many rods are 
requifed for this spacing, two rows of rods should be used or some of the rods should be placed 
in the form of a cross inside the core. Hoops are limited by the Joint Committee’s report to a 
maximum spacing of 12 in^^ or 16 times the diameter of the longitudinal bars. light rods suf- 
||jOe for this h^opfcig^ M m* ^^eiug the common pzes; %-m. round the most used. 

* 4 ig > 
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1616. Spiral Hooping. —Spiral hooping for columns is expressed in percentage 
of volume of hooping to volume of core per unit of length. The design of hooping is discussed 
in Arts. 85 and 96. 

Hooping has great possibility of irregularity when the core is of large diameter. In order 
to ship flat, two vertical ties only are used, and this leads to deformation in handling. One- 
inch cover may do on 12 to 16-in. columns but on 3-ft. cores or larger at least 3 in. of cover 
should be allowed and preferably 4 in., irrespective of fire risk. 

161c. Splices.—Horizontal joints in columns ordinarily occur at the bottom of 
the deepest girder, at the rough floor grade, and in some cases at the top of upstanding spandrel 
beams. The top of the rough floor is usually a splice point, and good practice requires rods, to 
the number of those in the upper section, run up from the lower section, the distance required 
for bond. These rods should preferably be so located that the rods in the upper section can be 
wired directly to them. In the case of large rods some engineers require rods to be faced and 
held in a sleeve. It is very diflScult, however, to so place and hold faced rods for the direct 
transfer of load. Where offsets are required in extended rods on account of change of column 
sections, they should be at least a foot below the splice, and offsets should not be by slopes of 
more than 30 deg. with the vertical. 

162. Miscellaneous Concrete Members.—The general principles enumerated can be 
followed to detail most miscellaneous structures. In miscellaneous structures, as in slabs, 
there is danger of putting so much information on a single view that it becomes confusing to 
draftsman and builder. Rods usually appear in more than one view. They will, of course, 
be listed in one view only, and be noted in the others. It is important for good detailing that 
they be listed in the best place. Ordinarily, this is in the view in which the rods appear in 
projection as a straight line. Whenever a structure is detailed in parts, however, rods which 
run into two parts should always be listed with the part which will be poured first. For example, 
in a tunnel, angle rods from the floor into the walls should be listed in the floor detail. The more 
common miscellaneous members are footings, pits and tunnels, engine foundations, and re¬ 
taining walls 

162a. Footings.—Footings vary so greatly in complexity that it is diflicult to 
lay down general rules. Usually a plan and one or more sections will be needed. Sometimes 
they are simply large beams and can well be detailed as such. Stirrups should never be used 
in footings where it is possible to avoid them. They are exceedingly diflficult to place. 

1626. Pits and Tunnels. —Pits and tunnels which are complicated are best 
separated into members, and each slab and wall detailed independently. Where they are 
simple, general views and sufficient sections will suffice. Simple structures of considerable 
length like some power house intake and discharge tunnels, are conveniently detailed by giving 
all the different cross-sections, and longitudinal sections through the ends, and showing a small 
scale key plan indicating the extent and location of the parts where each section applies. This 
method is also applicable to some grade beams, spandrel details, and some retaining walls. 

162c. Engine Foundations. —Engine foundations where they are only pedestals, 
can be detailed with the floors. Larger foundations such as those ordinarily required for large 
turbo-generators should be detailed as separate structures. The larger ones should be broken 
up, and slabs, beams, and columns detailed separately, like any similar units. 

162d. Retaining Walls. —Retaining walls, if of uniform section, may be detailed 
in the method suggested for long tunnels. Where counterfort or buttress walls are used, sepa¬ 
rate details of vertical slab, footing slab, counterfort or buttress, etc., are needed. 

X62s. Construction Joints- —Construction joints should be included in some 
details. For example, tunnels are usually poured in three parts—floor, walls, and roof. If 
the walls are subject to pressure, it is important that they have bearing on floor and roof. 
Details such as those shown in Fig. 282 should be designed for shear and shown on the drawings. 

162/. Spacers*—Spacers in nuscellaneous members need more attention than 
is often given them. In addition to their theoretical use for tempemture, or to distribute 
loads, they have the Important function of holding main steel rigidly in place during the 
pmutaf of tile conerete. "Borne practical thoui^t of how the steel is to be fdMCd and held, is 
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necessary in locating spacers. For example, bauds of L-shaped rods need three spacers at 
least, one in the angle and one near each end, if the band is to be held rigid. 

Rod Splices.—Construction joints must also be considered in reinforce¬ 
ment detailing. It is bad practice to have rods extend through a construction joint with only a 
small part of their length imbedded in the first pouring. This is especially bad in the case of 
vertical rods. They are difficult to support and very likely to be bent out of shape. As far 
as possible, where rods would project 6 ft., or more than half their length beyond a joint, they 
should extend only the bond distance. They should then be spliced by another rod starting 
at the joint. Fig. 283 shows a typical illustration of this. 

In the case of footings there are no vertical rods to extend up through the joint. Special 
short rods called stubs are used in such cases. They extend a distance required for bond, each 

side of the joint, and act as dowels (see Fig. 283). Vertical 
rods should always start at a construction joint when possible, 
HO that they may be set directly on the old concrete when 
placed (see Fig. 282). Design factors sometimes overrule the 
foregoing; for example, high walls often require vertical steel 
from top to bottom while one or more construction joints are 
necessary. Care must be used in all such cases to conform to 
design requirements and at the same time make placing as 
simple as possible. 

163. Reinforcement Cover.—The cover over reinforcing 
rods, as, for example, under slab or beam rods or outside of 
column rods, serves to protect them from fire and weather and 
also to develop bond on the entire surface of the rod. Detailers should be familiar with 
common fireproofing requirements. Too little cover means danger from fire or sometimes 
moisture, too much in beams and slabs means cracks in the concrete below. A J^-in. clear 
cover for slabs 4 in. thick, with rods not over M in., and a small fire risk, is the minimum. A 
1-in. clear cover is about the maximum for slabs. For beams and girders to 3 in. is used 
according to the importance of member and the fire risk. In columns, from 1 to 4 in. is 
used. 



(a) (h) 


Fxo. 2S2. 




m 


it 


164. Shop Bending.—Every concrete detailer should be familiar with reinforcement in 
place in the forms, and as far as possible with the process of bending and placing. With odd¬ 
shaped rods, bending difficulties should receive careful consideration. 

Radiue bends larger than 4 in. are difficult and expensive to obtain. 

Small bends are made around pipe sleeves or blocks. An exception to this 
is spirals, and circles such as are used in the S.M.I. fiat slab system. 

Special machines in well equipped yards take care of these economically. 

It should be remembered that on large rods a precision on offsets closer 
than 1 in. is difficult to obtain. Details should not, therefore, be made 
which require such precision. Angles in rods, except parallel offsets, cannot 
be made with great precision and accurately bent rods will spring in 
handling imless very heavy compared to their length. Details ^erefore 
in which a slight variation in the angle of the rod would cause trouble 
dmuid not be made. For example, 1%. 284 is bad. The detail should 
be as shown in Fig. 2S5. In ad^tion to the practical weakness it is of 
course poor design to carry a rod around the face of a reentrant angle 
as shown in Hg. 284 rince the resultant of the tension in the two legs 
acts against the fireproofing only* Cambers, in slab rods (H in. or 
under) may be as many as four, within reason. With larger rods, as used 
in bee^s, not more thu two cambers should be used in a single rod. 

Relnloceement Aseemldy.'— Bending may be done in the contractor's yard or on the 
|qh« In eithef case the bent rods tsgi^ with type numbers are stored, usually by sisee, In 
Hdks or, ft l9 fira)iaUe, on the $mmd eM^te the plsee where they am to be usedt 

imnnb^ 


¥ 

ijs: gpo 


Fta m 
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handled in this way but whexe beams inteisect over the columns at least part of them must be 
assembled in the forms. Beam rods hooked into spiraled columns should therefore be avoided 
on account of the difficulty of placing. When beam steel is assembled in the form, stirrups 
are first placed and it is a good idea to provide loop bars 0i or ^-in. rods) the full len|^ of the 
beam to be placed under the hook of the stirrups, by which to support them. 

In slabs, assembly by units is generally impracticable except occasionally in some types' 
of flat-slab construction. Spacers are laid down, preferably on suitable chairs, and the mtL\p 
reinforcement is placed on them and wired. 

In wall reinforcement, vertical rods are 
usually placed first and then the horizontal 
rods tied to these. In slab and wall rein¬ 
forcement, deformed rods are held more 
rigidly in place by wiring than plain rounds, 
which have a tendency to slip through the 
ties. 

X66. Rod Sizes.—In the choice of rods 
there are a few points to be considered. 

In the first place, rods of ^ to 1-in. 



diameter have base price, i.e., the lowest price per pound, and 
being equal, the cheapest. Ks-m- sizes are not commercial 
the readily available sizes. Good detailing limits the sizes in 
far as possible on the whole job, to avoid confusion. 

A —Straight rode 
I B —One or two hooka 
^ ^ C —One camber or offset 


U 

u\r 

o 


/>—-Two cambers 


—Three or more cambers 


^ btirrupe 


With or 
without 
hooked ends 


are therefore, other things 
sizes. to in. are 
the various units and as 
Squares and rounds are best not used 
together. 

167. Schedules.—Rod schedules 
are sometimes made as a table on the 
drawing itself, but best practice is a 
separate sheet which is commonly 
about 12 X 21 in. This size is easily 
handled in the yard. A sample of a 
good schedule form is given in Fig. 286. 

Type members must be con¬ 
sidered in connection with rod sched¬ 
ules. Letters for various types are 
convenient. The scheme shown is in 
successful use. The individual rods 
are given separate numbers and great 
care is necessary to avoid duplication 
of numbers. The use of the number of 
the sheet on which the detail of the 
rod occurs, as part of the type number is open to the objection of giving a long number, but it 
automatically avoids duplication. This is illustrated on the schedule given. 

Schedules include, of course, the lengths of bar in each run, f.c., the distance between 
angles. The curves in Figs. 287 and 288 are convenient for finding camber lengths. At the 
intersection of the vertical line for the camber height, with the horizontal line for the horizontal 
projection of the camber, read the slope lengths with the arcs as a scale. For 30 or 46-d^. 
cambers the slope distance can be read at the intersection of either height or distance with the 
eonreeponding slope line. 


O—Binders 


BK — Briioket rodi 


5—Any other special type 


X 
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SECTION 3 

STRUCTURAL DATA 


BUILDINGS IN GENERAL 


1. Types of Buildings.—Buildings, according to the building law of the City of Boston, are 
divided into three classes, as follows: 


F%rst'<iaas Building .—A firat^oUsa building shall Gonsist of fireproof material throughout, with floors constructed 
of iron, steel, or reinforced concrete beams, filled tn between with terra cotta or other masonry arches or with con* 
Crete or reinforced concrete slabs; wood may be used only for under and upper floors, window and door frames, 
sashes, doors, interior finish, hand rails for stairs, necessary sleepers bedded in the cement, and for isolated furrings 
bedded in mortar. There shall be no air space between the top of any floor arches and the floor boarding. 

Second-^laB* Building .—All buildings not of the first class, the external and party walls of which are of brick, 
stone, iron, steel, concrete, reinforced concrete, concrete blocks, or other equally substantial and fireproof material. 

TkirdrcUtBB Building .—A wooden frame building. 

CompoaiU Buildifig .—A building partly of second-class and partly of third-class construction. Composite 
bmldings may be built under the same restrictions as, and need comply only with the requirements for, third-class 
buildings as to fire protection and exterior finish. 


Another type of building adapted to mills, factories, warehouses, etc., is the so-callcd 
*‘Slow-Buniiiig Timber Mill Construction/' developed by mill owners and the New England 
Factory Mutual Insurance Companies. This type is described in detail in a separate chapter 
in this section. 


2. Floor Loads.—Floor loads vary with the class of material to be stored. In calculating 
dead and live loads for buildings, the following, quoted from the Boston Building Law, is good 
practice. However, the figures given should be checked by the ordinances of the locality in 
which the building is to be erected. 

Dead loada shall oonsiat of the weight of walls, floors, roofs, and permanent partitions The weights of various 
materials shall be assumed as follows: 


Beech. 

Biroh. 

Brickwork. 

Concrete, cinder, structural.... 

Concrete, cinder, floor filling. 

Concrete, stone. 

Douglas fir. 

Granite. 

Granolithic surface. 

Limestone. 

Maple. 

Marble. 

Oak. 

Tine, southern yellow. 

Saiulstoae. 

fifpmee. 

Terra cotta, architectural, voids unfilled. 
Terra cotta, aro1utectuji*al, voids filled... 


Pounds per 
cubic foot 

. 42 

. 42 

. 120 

.... 108 

. 06 

. 144 

. 36 

.1^8 

.... U4 

. IfiO 

42 

. 168 

. 48 

. 42 

. 144 

. 30 

. 72 

. 120 


Pounds per s<|ttare 

, foot 

OnenA or slag and felt roofing...... 6 

fhgMeSm on metal lath, exclusive of furring. 8 


five Mads ehaU include all loads exeept dead loads. Every peiadt idiaU state Gis purpois for whidh the 
hu^iMig ie to be used, and all floors and stairs ehaU be ef suMdont strength to bear safely the welgitt to be Impeded 
! ,||At*ontn addition to ibi dead load, but 
; ii^th«fe^owing table; ^ 
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CImb of BuikUnc Pounds per 

square foot 

Armorise. assembly hidts and gymnasiums. 100 

Fire Houses: 

Apparatus floors. 1^ 

Residenoe and stable floors. .50 

Oarages, private, not more than two oars. . . ... 75 

Oarages, public. . .... 150 

Grandstands. ... 100 

Hotels, lodging houses, boarding houses, clubs, convents, hospitals, asylums and detention buildings: 

Public portions. 100 

Residence portions. 50 

Manufacturing, heavy. .250 

Manufacturing, light. 125 

Office buildings: 

First floor . 126 

All other floors ... ... . 60 

Public buildings: 

Public portions. .. 100 

Office portions . . 75 

Residenoe buildings, including porches . ... . 50 

Schools and colleges: 

Assembly halls. 100 

Class rooms never to be used as assembly halls ... . 50 

Bidewalks. . ... 260 

(Or 8000 lb. concentrated, whichever gives the larger moment or shear) 

Stables, public or mercantile: 

Street entrance floors. 150 

Feed room. ... 160 

Carriage room. 50 

Stall room. .50 

Stairs, corridors, and fire escapes from armories, assembly halls, and gymnasiums .. 100 

Stairs, corridors, and fire escapes except from armories, assembly halls, and gymnasiums 75 

Storage, heavy. ... ... 260 

Storage, light. .... .125 

Stores, retail. 125 

Stores, wholesale. 250 


Every plank, slab, and arch, and every floor beam carrying 100 sq. ft. of flour or less, shall be of sufficient 
strength to bear safely the combined dead and live load supported by it, but the floor live loads may be reduced 
for other parts of the structure as follows: 

In all buildings except armories, garages, gymnasiums, storage buildings, wholesale stores, and assembly 
halls, for all flat slabs of over 100 sq. ft. area, reinforced in two or more directions and for all floor beams, girders* 
or trusses carrying over 100 sq. ft. of floor, 10% reduction. 

For the same, but carrying over 200 sq. ft. of floor, 15 % reduction. 

For the same, but carrying over 300 sq. ft. of floor, 25% redaction. 

Hiese reductions shall not be made if the member carries more than one floor and therefore has its live load 
reduced aooording to the table below. 

In public for all flat slabs over 300 sq. ft. area reinforced in more than one direction, and for all floor 

beams, girders, and trusses carrying over 300 sq. ft. of floor, and for all columns, walls, piers, and foundations, 
25% reduction. 

In all buildings except storage buildings, wholesale stores, public garages and office buildings, for all columns, 
girders* trasses, walls,, piers, and foundations. 

Office buildings only 

Oarrylttg one floor... No reduction. No reduction. 

Carrying two floors. 26 % reduction. 10 % reduction. 

Carrying three floors. 40 % reduction. 20 % reduction. 

Carrying four floors. flO % reduction. 30 % reduction. 

Carrying five floors... % reduction. 40 % reduction. 

Ganying six floors or more . 60 % reduction. 60 % reduction. 


Eoofa ahaU be designed to support safely minimum live loads as follows: 

Roots with piteh of 4 in. or less per foot, a vertical load of 40 lb. per sq. ft. of horisontal projsotion applied 
Oitlief to hitf or to the whole of the roof. 

Jhoela with pi t*yh o4 more than 4 In. and not more than 8 in. per ft., a vertical load of 15 lb. per sq. ft. of hori* 
and a wind load of 10 U>. per sq. ft. of surface i^ing at right angles to one slope, tliese two loads 
eithm tefd^er or ssparmtel^^ . . 

d more $ iru and not more ^lan 12 in. per ft., a ver^oat load of lO lb. per sq. ft. of hon^* 
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Bontal projection and a wind load of 15 lb. per sq. ft. of surface acting at right angles to one slope, these two loads 
being assumed to act either together or separately. 

Roofs with pitch of more than 12 in. per ft., a vertical load of 5 lb. per sq. ft. of horUontal projection and a wind 
load of 20 lb. per sq. ft. of surface acting at right angles to one slope, these two loads being assumed to act either 
together or separately. 

All buildings and structures shall be ealculatod to resist a pressure per square foot on any ^’-ertical surface as 


follows: 

For 40 ft. in height . . 10 Ib. 

Portions from 40 to 80 ft. above ground. 15 lb. 

Portions more than 80 ft. above ground. 20 lb. 


3. Weights of Merchandise.—Tho following tabic taken by permis.sion from data of thc^ 
Boston Manufacturers Mutual Insurance Company gives approximate weights and dimensions 
of packages. In designing storehouses it is important to provide for the greatest load which 
can be placed in the building. 


Weights of Merchandise 


Material 


Measurements 


Floor 
space 
(sq. ft ) 


Cm ft. 


Woiglits 


(jiross 


Per 
sq. ft. 


Per 
cu. ft. 


8 G 

19 4 

350 

40 

18 

12 ,5 

47 

1000 

80 

22 

7 5 

33 

550 

73 

17 

7 0 

33 

480 

70 

15 

7 0 

33 

480 

70 

16 

15 5 

18 

250 

16 

11 

15 5 

18 

100 

() 4 

5 5 

5.5 

12.7 

220 

40 

17 

7.1 

15 2 j 

330 

46 

22 

5.5 

22 0 

460 

84 

21 

10 5 

28 0 

550 

52 

20 

7 3 

21 0 

350 

48 

16 

10.3 

35 0 

' 450 

44 

13 

4 0 

14 0 

250 

63 

18 

9 32 

46 0 

550 

00 

12 / 

5 25 

25 2 

550 

106 

22 ^ 

1 80 

5 4 

250 

139 

47 

2.60 

7 8 

270 

104 

1 35 

4 7 

20 0 

820 

170 

41 

4 7 

20 0 

860 

176 

43 

4.0 

12 5 

300 

72 

24 

1 1 

2 3 

76 

68 

33 

3.6 

10,1 

235 

05 

23 

4 8 

11 4 

330 

69 

30 

7.2 

19.0 

295 

41 

16 

4 0 

9,3 

175 

44 

19 

4 5 

13.4 

420 

93 

31 

3 3 

8 8 

325 

99 

37 





11 

4.1 

10 0 

129 

31.5 

a a 

0.44 

4 

48 

... . 

12.0 


Wod 

In bales, Australia ) 

In bales. East India } 

In bales, New Zealand J 
In bales, So. America. . 

In bales, Oregon ] 

In bales, California \ 

In bales, Texas j 

In bags, Domestic. 

In bags, scoured or noils .. .. 

Woolf H f/ooda 

Case, Sannela.. 

Case, flannels, heavy . 

Case, dress goods. 

Caee, cassimeres .... 

Case, underwear.. . , 

Case, blankets ... 

Case, horse blankets. 

Cotton 

Bale, ginned. 

Bale, compressed. ... 

Bale, Planters Compress Co. 

Bale, American Cotton Co. 

Bale, Egsrptian. 

Bale, Indian. 

Cotton ffoocU 

Bale unbleached jeans. 

Pieoe duck. 

Bale brown sheetings 
Case blsaohed sheetings 

Case quilts. 

Bale print cloth. 

Oase prints. 

Bale tickings. 

Bksins cotton yam. 

Carpd 

Roil of earpet-1’... 

'IShif (with pdet *. 


Heeco pulled scoured 
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WsTGHtB OF Mkrchandibk — {ConUnwd) 


Materinl 

I 

1 Measurements 

Weights 

Floor 
space 
(sq. ft.) 

Cu. ft. 

ClroBfi 

■ 

Per 
sq. ft. 

Per 
cu. ft. 

Sdk 






Bale, Bilk oocooiiB. 

12 5 

31 5 

200 

20 4 

8 25 

Bale, Bilk frisons {AveraKo) 

13 2 

34 3 

325 

24 6 

9 50 

Bale, dressed silk.. 

12 

24 

400 

33 4 

16.6 

Bale, raw silk (average) 

7 0 

8 r> 

221 

31 0 

26 

Bale, spun silk ! . . 

5 

7 5 

23.5 

47 0 

31.4 

Case broad silk cloth . 

6 b 

10 4 

180 

27 7 

17 3 

Case ribbons. 

8 

16 

175 

21 0 

10 9 

J ute^ Hr 






Bale, jute .... 

2 4 

9 9 

400 

170 

40 

Bale, jute lashings 

2 f» 

10 5 

450 

172 

43 

Bale, Manila .. . 

3 2 

10 9 

280 

88 

26 

Bale, hemp.. 

8 0 

30 0 

C50 

81 

20 

Bale, Sisal. 

7 5 

27 0 

400 

53 

15 

Burlaps, various packages 





43 

Jute bagging . 

2 3 

7 0 

100 

43 

14 

Bags in bales 






White linen. 

8 5 

39 5 

910 

107 

23 

White cotton.. .... 

9 2 

40 0 

715 

78 

18 

Brown cotton. . . ! 

7 6 

30 0 

440 

59 

13 

Paper shavings. ! 

7 5 

34 

500 

68 

15 

Sacking. 

16 0 

€>r> 

450 

38 

7 

Woolen. 

7 5 

30 0 

600 

80 

20 

Jute butts. 

2 8 

U 0 

400 

143 

36 

Spruce chips, wet, tightly packed 





18 

Spruce chips, wet, loosely packed 





14 

Spruce chips, dry . 





10 

Paper 






16 X 21, 301b. ledger. . . 

2 4 

5 3 

210 

130 

60 

16 X 21, 24 lb. calendered book 

2 4 

4 4 

250 

105 

57 

16 X 21, 29 lb. Buper-^al book. . . . 

2 4 

4 3 

300 

125 

70 

18J>i X 29, 26 lb. news. . 

3.7 

5 9 

270 

73 

46 

32 X 42, No. 38 straw board 

9.3 i 

3 9 

130 

14 

33 

24 X 31, 52 lb. Manila wrapping. . 

5 2 

10 8 

530 

102 

40 

Sheets in bundles, with wood frames.. 

5 4 

4 0 

120 

22 

30 

Sheets in bundles, without wood frames.. 

0 3 

4 2 

140 

22 

33 

Roll newspaper. 

4 8 

28 8 

1200 

2.50 

41 

Sulphite pulp.. . 





17 

Average pile of paper, in bundles. 





40 

Tobacco 






Bale Sumatra wrapper. 

6.1 

6 0 

150 

24 5 

24 7 

Hogshead of tobacco ....... . 

8 0~13 .4 

36 0-80 4 

1000-2200 


28 

Grain 






Wheat in bags .. 

4 2 

4 2 

165 

39 

39 

Wheat in bulk. 




] 

44 

Wheat in bulk. 





39 

Wheat in bulk mean.... 

. 




41 

Barrels flour on side. 

4 1 

5.4 

218 

53 

40 

Barrels flour on end. 

3.1 

7.1 

218 

70 

31 

Corn in bags. 

3.6 

3 6 

112 

31 

31 

Cormnaal in barrels. 

3.7 

5.0 

218 

59 

37 

Oats in bags. 

3 3 

3.6 

96 

29 

27 

BiOeottay. 

5.0 

20,0 

284 

67 

14 

dedeilsl; eompressed. 

1.75 

5 25 

125 

72 

24 

dedwlAk oompressed.. 

1,75 

5 25 

100 

57 

19 

MMtk eomprissed. 

1.75 

5.25 

150 

86 

89 

'Mwlah aewipsessid hi . 

J.75 

5.25 

100 

57 

19 
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Weights of Mbbobanoise— iCorUinued) 


Matenal 

Measurements 

Weights 

Floor 
space, 
(sq ft) 

Cu ft 

Gross 

Per 
sq ft 

Per 
ou ft 

Dye et*" 






Hogsheads bleaching powder 

11 8 

39 2 

1200 

102 

31 

Hogsheads soda ash powder 

10 8 

29 2 

1800 

107 

62 

Box mdigo 

3 0 

9 0 

385 

128 

43 

Box outeh 

4 0 

3 3 

150 

38 

45 

Box sumac . 

1 6 

4 1 

100 

' 100 

39 

Caustic soda in iron drum 

4 3 

6 8 

bOO 

140 

88 

Barrel pearl alum | 

3 0 

10 5 

350 

117 

83 

Box extract logwood 1 

1 06 

0 8 

55 

52 

70 

Barrel lard oil 

4 3 

12 \ 

422 

OR 

34 

MteeeUansoue 






Rope .... . 





42 

Box tin . ' 

2 7 

0 5 

139 

99 

278 

Box glass 



1 


60 

Crate crockery 

9 9 

39 0 

1 1600 ' 

162 

40 

Cask crockery 

13 4 

42 5 

' 600 

52 

14 

Bale leather 

7 3 

1 12 2 

190 

26 

16 

Bale goatskins 

11 2 

16 7 

300 

27 

18 

Bale raw hides 

6 0 

30 0 

400 

07 

13 

Bale raw hides compressed 

6 0 

30 0 

700 

117 

23 

Bale sole leather 

12 6 

8 9 

200 

22 

10 

Pile sole leather 





17 

Barrel granulated sugar 

3 0 

7 r> 

317 1 

106 

42 

Barrel brown sugar 

3 0 

7 6 

340 I 

113 

1 45 

Cheese. ’ 

I 


1 


30 

Pitch.,.. 





72 


4 . lire Preventioii and Fire Protection,—In the design of important structures, especially 
industrial and commercial, the architect or engineer should consult the bcal insurance boards, 
as they maintain laboratories and a large engineering force which is at the disposal of interested 
parties without charge. In many cases, insurance costs may be materially reduced by their 
aasistance. It is also important to consult the local building laws and the insurance codes in 
regard to the fundamental requirements in the use of fire walls, automatic fire doors, metal door 
and window frames and sash, window shutters, enclosed stair and elevator shafts, etc. 

Mills, factories, warehouses, stores, or any structures having extensive areas contahdng 
quantities cd inflammable materials, should first of all be protected with a complete automatic 
sprinkler system. AH large buildings should have standpipes with hose reels or racks conven¬ 
iently located in stairways, etc., where they are easily accessible in case of fire and so placed 
that the hose stream or streams will reach every part of the floor or section to be protected. 
Chemical fire extinguishers or pails of water, or both, should also be placed where easily 
accessible, 

A sjmnkler system should have its own water supply, usually a tank oi proper capacity 
eitlier <m the roof or on an independent tower. In locating a tank on the roof, care must be 
tiken that it is amply supported, preferably on the walls of the building. Where a city Sra 
{(fepartmssit is available, an outside connection for fire engines is also Ill one file 

prelection Bye^em dmgoed for a large steamship pier, there was a connection at the and 
jfor file ^»m^eS| and anot^r at the water end for fire boats. 

|$ve pmmps should be of the Underwriter's pattern of approved make* Appcoyad letmrf 

nifl»o#tM4aM4|boilwipoiaslMmldbemt<« 
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walls and fire doors, and so located that in case of fire, men may stand by the boilers and pumps 
to the end. 

Industrial plants covering extensive ground area should have a system of water piping ami 
hydrants with fire hose in suitable hose houses. 

The following is quoted from a report of the Associated Factory Mutual Insurance Com<* 
panies, detailing the necessary equipment for proper fire protection. Requirements of other 
insurance boards do not differ materially fi-om these. 

The extent itnd capacity of the fire apparatua depends largely upon construction, height, area, occupancy, and 
arrangement of a plant, and also upon its surroundings. The more important requirements for an ideal plant are 
as follows: 

Water Supply: (a) Public water supplied by gravity at good pressure and ample quantity is best. A pressure 
of about 60 lb. maintained in the mill yard while 1000 to 1600 gal. or more are flqwing is ordinarily considered excel¬ 
lent. 8uch a public water supply is always preferred to an elevated tank. 

(h) Pump supply from one or two Underwriter pumps according to the sise of the plant. Pumps to draw from 
supply capable of furnishing water during a fire of long duration and independent of the public water works. 

(r) Steam boilers should have two absolutely independent sources of water supply. A direct connection from 
fire pump to the boilers is often desirable and may be considered as one of these. The steam supply to pump should 
be taken off behind a valve or valves controlling supply to engines or other factory service, and all controUing valves 
should be in the boiler house. The pipe should be so located that it can not be broken by falling walls or other 
accident at a fire. 

Hydrants: Placed at sufficiently frequent intervals so that the full capacity of the water supply available may 
be concentrated at any point of the plant without the use of long hnes of hose. 

Generally hydrants at intervals of about 200 ft. are required, two-way hydrants to have at least 5-in. gate 
opening and barrel, and hydrants with more than two outlets to have a 6-Jn. gate opening and barrel, and independ¬ 
ent gates for each outlet. 

Hoof hydrants are of value in fighting outside fires either in adjoining propertic’s or where buildings adjoin one 
another in a crowded mill yard. 

Hose standpipes properly located are of great value in buildings of over two or three storitNi especially when fire 
is beyond control of sprinklers. 

Sprinklers: (a) Automatic sprinklers throughout all rooms including storehouses, elevators, and stairs, all 
closets, enclosures, etc., also to be covered There should be no part of the floor area, ceihngs, or roofs without 
ample protection, and heads must be so spaced as to satisfactorily cover all places. It is required that detail sprink¬ 
ler plans showing protection proposed be submitted to the Insurance Companies before the installation begins. 
Dry pipe valves should be used only when it is impracticable to heat the building, as their installation consider¬ 
ably increases the time before discharge of water on the fire, and therefore correspondingly weakens the protection. 

(h) Each sprinkler connection into buildings to be provided with outside poet indicator gate, safely located, 
and sufficient connections are required for large areas so that there may not be over 200 sprinklers in one room on a 
single 6-ln. supply. Pipe connections into buildings should not be less than 6 in , even when suppling risers of 
smaller sise, except in especial cases where only 30 or 40 heads are supplied per floor in low buildings. 

Yard Pipes: Of ample sise to carry the water available to sprinklers and hydrants without serious loss of pres¬ 
sure. For the mill shown, an 8-in. loop pipe is sufficient. Should the loop not be practicable, the pipe in a part 
of the yard sj^tem may need to be 10 in. For large mills with extended yard area, 10-in. pipe or even larger may 
be necessary. Class S pipe N.E.W.W. Association is required. Pipes to be in such location that hydrants and post 
indicator valves may be at a good distance from the walb of very high buildings or those of large area. Pump 
check valves should be safely located below floor level. The brick well is merely to make it more readily accessible. 

Circuit controlling valves are advisable at intervab in extensive yards so as not to necessitate shutting off the 
entire yard system at one time in case of repairs or alterations. 

Hose: (a) Outside equipment to oonabt of 2^i-in. Underwriter cotton rubber-lined hose of one of the approved 
brands which, together with epannen. IH in* Underwrite nossles, axee, bars, lantern, etc., must be kept in the 
hose houses. 

(h) Inside eqtsipment to be provided In all rooms, fed preferably from a system of small Btandinpes independent 
of sprinkler system, that it may be available if the sprinklers are shut off on account of accident or afte they ere 
shut off at fire to save water damage. In some oases, it may be attached to l-in. nipples from sprinkler pipes not 
lOgi 2 ^ In, in diameter* but b then not available at a time when it may be most needed. Hose and eoupl** 
ings to be for IHdn. Unders^ter linen hose and nossles H-in. smooth bore. 

(s) For tower standpipee 8H*in. best Und^writer linen hose of approved brands to be provided. 

PROTBCTION OF STRUCTURAL STBBL FROM FIRB 
Bt H. Rat KxnqsiiBT 

•n ieneiraliy loiom thatasthete^ 

AathatmpmturaofflteelriflaBfromAto 
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is well known that as steel gets very hot in fires it loses its strength and that if the temperature 
rises sufidciently high the steel will fail. As the temperature of steel rises above 676® F. its 
strength decreases 111, at about 426®C. (800®F.), it has dropped back to normal strength. From 
this point, as the temperature rises to 700®C. (1300®F.), the strength of steel rapidly drops, then 
the strength drops more slowly as the temperature increase^ to 1100®C. (2000®F.). At about 
1480®C, (2700®F.) steel begins to melt. 

A scries of very carefully conducted fire and load tests on structural steel columns by the 
Bureau of Standards, Washington, D. C., shows that structural steel begins to fail under load at 
temperatures ranging from 570 to 837®C. (1058 to 1539®F.), the average of all determinations 
being 668®C. (1234®F.). Other authoritative fire tests have shown that stnictural steel fails 
under load at from 1125 to 1210®F. 

According to the Bureau of Standards Technologic Paper No. 184, which is a report of fire 
and load tests of 106 columns, the general cause of failure of loaded steel columns exposed to fire 
is as follows: 

Th<» failure in the fire test was due in all cases to decrease in mechanical strength of steel with increase of tem¬ 
perature The temperature required to cause failure depended mainly on the unit load carried by the structural 
section, although uneven stress distribution as caused by incidental eooentricity of load application, uneven bear¬ 
ings, and deflection of the column entered as possible modifying conditions The general or local lateral dt flections 
occurring immediately before failure were due to yielding of the metal and can be considered as failure effects 

The deflection and distortion at failure caused large permanent loss of load-carrying capacity, depending on the 
amount of the deflection and the rigidity of the section, the remaining strength being estimated at 5 to 50 ‘« of that 
before test 

6, Intensity of Heat in a Fire.—(Donflagrations such as those at San Francisco, Baltimore, and 
, Tokyo indicate that temperatures from fires have risen as high as 280()®F. (estimated), although 

rarely rising above 1900 to 2200®F. The average temperature of the San Francisco fire did not 
exceed 1500®F. According to various estimates, the most intense heat in firc-rcsistive buildmgs 
in the Baltimore and San Francisco fires lasted from a few minutes to an hour. Steel and iron 
oxidized in many cases but seldom melted. Wire glass melted in places. In some cases, glass 
and sash weights melted and kegs of nails softened sufficiently to weld together. In soiiie cases, 
the edge of broken cast-iron columns softened. In the Edison fire of December 9, 1914, at West 
Orange, N. J., evidences of temperatures ranging from 2000 to 2500®F. were found. The 
writer, who lived in Tokyo at the time of the great earthquake and conflagrations there, Sep¬ 
tember 1, 1923, examined many structures in Tokyo and Yokohama after the fire. In many 
cases, glass had melted, metal had oxidized and in some cases had softened, steel frames had 
warped, and earthenware dishes had fused and run together, indicating temperatures up to 
2600®F. or higher. Various grades of steel begin to melt at from 2300 to 2700®F. A compara¬ 
tively small hot fire confined to a portion of a building may cause failure of improperly protected 
column or floor beams. It is therefore necessary that steel be adequately protected against 
damage by fires. 

7. Protection of Steel from Fire Damage.—^To ensure protection of steel against damager^by 
fires it is necessary to incase it in low heat-conducting materials. Steel very rapidly absorbs 
heat, which accounts for its being so readily damaged by fires. During severe fires, exposed 
Steel rapidly absorbs heat till its strength begins to drop, often to the failure point. By properly 
incasing the steel in materials which are poor conductors of heat the steel is protected during the 
fire and does not absorb enough heat to endanger the strength of the structure. 

The ideal material for protective coverings should conduct heat very slowly and should be 
a quality and thickness such that in the course of burning of the contents of the building no 
serious damage will result, either to the members incased or to the material itself. The protec¬ 
tive covering must be adapted to resist not only the destructive action of the fire but also the 
action of the streams of water used in extinguishing the fire. No material can resist the con¬ 
tinued alternate aotk>n of heat and the sudden cooling by water. Smelters of ores and manu- 
flMirtiirem of metals early found it necessary to line the interior of th^r furnaces wheretn ores 
gdSS snislted ipd mel^ are melted with day to {H^eserve the furnace from destructiem by 
pjttense Jjiejst I cywi y k> mdt ^ «nd meiMi*. Wb«it •teal mine into um M » 
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building material it was found necessary to protect it from possible damage by fires* Naturally, 
when searching for a good and abundant material for that purpose the building fraternity turned 
to clay products, as clay had been found to be the only satisfactory and economical material for 
lining furnaces, stoves, stacks, etc., against damage from the intense heat necessary to be 
maintained in them. The result was the development of the hollow clay tile fireproofing indus¬ 
try. Clay tile was the original and still is the best all-round fireproofing material. Hollow clay 
tile, brick, concrete, gypsum products, and plaster, when properly made and properly used, 
have withstood laboratory tests and ordinary fires to a satisfactory degree. 

The relative rate of heat transmission through these materials for average conditions of 
construction, represented in British thermal units (B.t.u.) per hour, per square foot of area of 
nmterial, per inch thickness, per 1°F., is as follows: 


Hollow tile 
Brick .. 
Gyps\im . 
Plaster .. . 
C5oneretc... 


2.61 

2.94 

2.98 

3.26 

6.46 


Thc!-e figures arc the average of many tests from various sources as prepared by the Ameri¬ 
can vSociety of Refrigerating Engineers, for ordinary temperatures, but for high temperatures 
resulting from fires there are some variations from the above figures, due to chemical changes 
brought about by heat in the composition of the exposed material, which, in the case of gypsum 
and concrete, forms an excellent heat-insulating coat. Tliis insulated surface protects the 
interior by retarding the passage of heat to it. 

6. Fire Resistance of Materials. 

8a. Hollow Clay Tile.—Tile for fire-protective coverings and structural purposes 
is made in three classes, /wird, medium^ and soft. 

The American Society for Testing Materials has prepared specifications and tests for 
hollow burned-clay fireproofing tile, as given in the chapter ^‘Hollow Building Tile^’ (Sect. 7, 
Art. 39, Vol. II), made from surface clay, shale, and fire clays or admixtures thereof. 

The classes of tile are determined by the amoimt of absorption and the strength test, both 
of which must be met for a given class. 

In c&BVB where the fire reaistance is an essential property the purchaser shall specify the degree of fire resistance 
(fire-resistance period) required, and the manufacturer shall supply such available information on the fire test 
performance of the given or closely similar product as will aid the purchaser in deciding whether the requirements 
are met. 

Hollow clay tile is the original fireproofing material for structural steel. Due to its high 
resistance to heat, its lightness—combined with great strength—its adaptability to any shape, 
and its general availability, it has become one of the leading fireproofing materials. It is also 
very easily repaired when damaged by a severe fire. 

The second Equitable Building l^lre, February 16,1926, is a good illustration of the efficiency of hollow clay tilo 
for fire protection of steel. A severe fire in the pipe shaft accidentally started by workmen making repairs to a 6-iii. 
cold-water supply pipe twisted, expanded, and ruptured a 5-in. uncovered gas line. The escaping gas firom the 
ruptured gas line M the flames which oonfinued for some time unabated by the streams of water thrown on it by 
the firemen. A fire door from the shaft on the thirty-filth floor had been left open by the workmen. The flames 
shot out into the fiW room on this floor and consumed all the combustible office equipment and supphes. The 
damage to the building was confined to destrosdng most of the hollow tile fireproofing on the lower flange of one 
girder, and the exposed shells of the hollow tile floor were broken in a number of places. In this severe and pro¬ 
longed tost hollow tile fully protected the steel structure from fire damage. The pipe shaft was enclosed by 6-in. 
hollow tile partitions plastered on the room side. The office was enclosed with 4-in. hollow tile partitions. AH 
hollow tile partitions, hollow tflo fi^oor tile, and fireproofing tile stopped the roaring and long-drawn-out fire, pre¬ 
venting it from epreading to adjoining rooms and very creditably protecting the steel structure. The fire doors 
WfSfe badly dsdtnaged but eoeoesaltiUy prevented the spread of the fire to adjoining rooms. When the damaged 
hollow slay tile was replaced, the etruoture was in as good condition as when new. 
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The main weakness of hollow tile as a fireproofing material is that a rapid change of tem¬ 
perature, due to a severe fire, tends to cause the exposed shell to expand more rapidly than the 
webs and shells within and sometimes causes the joints to break immediately back of the exposed 
bhell due to the unequal expansion. The advantages of the use of hollow clay tile as a fireproof¬ 
ing material are so many that they have lead to its extensive use in modem fireproof building 
construction 

Exhaustive fire and load tests by the Bureau of titandards, Washington, D C , have proved that clay tile well- 
burned, but not burned to a condition approximating vitrification, will ensure strong tile capable of giving the fire- 
rosistive periods required The more porous the hollow tile generally the better fire-resisting quahties The 
introduction of combustible filler up to 15 more especially to the dense burning clays, will increase fire resistance 
Fineness of gnnding does not appreciably affect the fire resistance of hollow clay tile The effect of grog and the 
amount of pugging seemed to have no effect on fire resistance of clay Bhell thickness does not have an appreciable 
f'ffect upon fire resistance of hollow tile Moderate fillets up to or H-io radius have been found desirable, but 
larger fillets are not beneficial and may even be detnmental Gypsum plaster and cement plaster without hme 
or with hme from 10 to 50 % by volume will stay in place throughout the fire exposure or up to the fusion point of 
the plaster Lime plaster falls off soon after fire exposure Tests showed that unplastercd walls frequently would 
be damaged by short fire exposures, whereas, if plastered, they would be undamaged or suffer only nuncur damage 
Hollow tile fumpg on exposed side of walls will prevent any serious fire damage to the wall itself There is no 
difference in fire test results on the sise of the tile units used m the walls The number of air cells and shells through 
a wall thickness make no difference in the liability to loosening of tl^e exposed shell, but more cells and shells through 
a wall generally confine the damage more nearly to the exposed surface of the wall This also leaves a greater resid¬ 
ual wall strength after fire exposure The more umts of hollow tile through a wall the greater the fire resistance 

85. Brick.—The fire-resisting qualities of brick have been demonstrated in many 
fires. When used in large units, particularly in thin walls, damage may result in severe fires 
from expansion. Thick walls suffer less damage from expansion, although the bricks may 
crack, spall, or fuse under the action of fire or water Tests bv the Bureau of Standards, Wash¬ 
ington, D. C., show that under fire tests maintained for several hours the mortar in the joints 
of brick walls on the exposed side expanded so greatly as to throw the wall out of plumb and endan¬ 
ger it. In small units, as, for example, in floor arches or protection for columns, properly made 
brickwork is an excellent fire-resistant material. To be first class in this respect the chemical 
properties of the clay should be such that a temperature of at least 2200®F. is required to vitrify 
it. The burning of the brick in the process of manufacture should proceed to a point just short 
of vitrifaction. Because of the excellence of clay materials for resistmg fires and excessive 
heat, furnaces and smokestacks are lined with fire brick to protect them against destruction. 
Ordinary chimneys are best lined with burned fire clay flues. There is no satisfactory substitute 
for a good bumed-clay product for resisting fires and excessive heat. 

8c. Concrete.—Concrete has come into general use the past two decades as a 
fireproofing and structural material, due chiefly to its cheapness and adaptability to many uses. 
The aggregates stone and sand used for the manufacture of concrete are generally found in 
quantities near the work. Water is also generally available. Cement is well distributed 
throughout the country. ^ 

Plain and reinforced concrete has stood fire tests and conflagrations very creditably, prov¬ 
ing its value as a fire-resistive material. Care must be used, however, in the selection of the 
aggregates, because some forms of sand and rock are very susceptible to disintegration by fire. 
This disintegration by fire may be due to unequal stress set up within the stone by the outer 
portion of the stone becoming highly heated while the interior is still comparatively cool, or it 
may be caused by the stone’s first becoming highly heated and then being suddenly cooled by 
the application of a stream of cold water. Some believe that the crumbling of granite and other 
stone under hast is due to microscopic bubbles in the quarts grains which contain water or liquid 
earbonio acid gas. Under heat these hundreds of microscopic bubbles expand and burstf 
disrupllng the stone. 

TMs and confiagratlons show, in general, that the more compact and hard and fine grakied 
^ samifie the better it withstands high temperature and that tlm coarser it is the mure ren^ 

itje4sini«ged.i tests also show that at about foek bdbavee somewhfdr 

at tower f^p Also the gmter the cdMieiiMton to geneitd tlm 
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the heat. Sand, grave , and rock composed largely of quartz, chert, and marble are very poor 
for hre-resiating concrete. 


The Bureau of Standards report of fire tests on concrete for fireproofing states; *'With a given thioknsai or 
sise of covering the main cause of variation in results was the difference in fire-resisting properties of concrete mads 
with different aggregates.’* The same authority found the poorest aggregates to be "sand and gravel consisting 
almost wholly of quartz and chert grains and pebbles, the gravel being a particularly high chert content." Con¬ 
crete from this material disrupted badly, spalling and exposed the steel it should have protected. 

Concrete made from trap rock, granite, and sandstone aggregate proved average firc*-protccting materials. 
Limestone, rock and gravel from the same material proved to be the best fire-resistive concrete materials. Very 
little cracking resulted on exposure to fire, and their heat-insulating value was increased by the change of the cal¬ 
cium and magnesium carbonate to the corrcMsponding oxides. This process left material of good insulating prop¬ 
erties and retarded the fiow of heat through the region of change. 

Fire tests on concrete by Prof. I. H. Woolson, Columbia University, showed that concrete heated to 1000 to 
IfiOO^F. loses half to two thirds its strength in 2 to 3 hours, and gravel content was found not to be a reliable or safe 
fire-rcsistivo material. The cement in concrete begins to dehydrate at about 600 to 600®F. causing the concrete to 
lose its strength. Under severe fires concrete is seriously impaired to about 1 in. average depth, and while it may 
remain in place and appear all right to the causal observer, it will readily wash off wh* n a hose stream is applied to 
It. Good concrete will, however, remain in place, although calcined and dehydrated, through a severe fire. There¬ 
in lies the secret of the value of concrete as a fire-resistive material. It is because this surface calcines and dchyd- 
drates, thereby forming a protective coat which insulates the interior and retards the heat from passing through 
it to the material within, that the proper kind of concrete makes an excellent fireproofing material. Although tem¬ 
peratures may be 1600®F. on its face, it would not rise much over 600°F. 2 in below the surface in 2 to 4 hours. The 
weight of concrete is a drawback against its use ns a fireproofing material Moreover, concrete is expensive when 
well made and applied. 


Cinder concrete is comparatively light and, due to its porosity, is a good average fireproofing 
material. The cinders should be hard and free from dust and deleterious elements such as 
sulphur. Concrete with sulphur content on becoming wet forms sulphuric acid which attacks 
and destroys the concrete and the metal that comes in contact with it. Blast furnace slag is an 
excellent aggregate. 

8d. Plaster.—All grades of mortars and plasters from common lime and sand 
mortar to the highest grades of patent and cement plasters are used for fire-resisting purposes 
in various forms of light interior construction. These fire-resisting materials have been called 
into existence by false notions of economy and space occupied. Some of the harder mortars 
and patent plasters when applied to hght metal frameworks and metal lathing have proved 
by experience to be more or less useful, according to the intensity and duration of the fire, but 
ultimately disintegrate. The use of such construction should be governed by discrimination. 

Lime plaster, although a good non-conductor of heat, is a poor fire-resisting material 
because it early begins to spall and fall off, losing its effectiveness as a fireproofing material. 

Cement plaster, although it usually stays in place during a fire and protects the interior to 
a limited extent, is generally worthless after passing through the ordeal and cannot be con¬ 
sidered as first-class fire-resisting material. 

Gypsum plaster possesses a very low thermal conductivity and, like cement plaster, remains 
in place during a fire. It calcines and will generally be washed off when a stream of water is 
applied to it after exposure to fire. It cannot be considered a first-class fireproof material. 
The prepared or hard wall plasters, being similar in composition to gypsum blocks, form a better 
bond for the joints than cement mortar and are more satisfactory. 

9. Selectloii of Protective Covering.—The fire risk will vary, depending upon the contents, 
the use of the bttilding, and the external hazards. A machine shop, foundry, or structural shop, 
containing no combustible material and having no external hazard, may require no protection 
of its framevrork from fire. The lower floors of office or store buildings are more often subject 
to fire because of the location of the heating system or accumulation of waste or infiammable 
material in basements. Partial protection is of some value. Plaster on metal lath will protect 
steel for a while la a fire but the destruction of the covering and the exposure of the 
steel to tlie fire jjseepines merely a question of the intensity and duration of the exposum. 
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often the first cost governs the selection and the result is a low-grade covering. As a rule, if it 
is decided that reinforced concrete is the cheapest and best for the floor construction, the same 
material will be used for the protection of the columns—^likewise for hollow tile. Combinations, 
however, are frequently used. Portland cement concrete and hollow tile besides having excel¬ 
lent fire-resisting qualities serve for the structural parts and are the materials moat commonly 
used. 

10. Thickness of Protective Covering.—^The thickness of the covering required varies with 
the exposure and the importance of the member. Floors on which quantities of combustible 
materials are stored should have protection in proportion to tlie severity and duration of the 
fire. Columns are the most vital members of a building and should receive the most protection. 
Steel near exterior window or door openings is subject to severe exposure and should be covered 
with a thickness greater than for the floor joists. The sections of the Chicago Building Ordi¬ 
nance^ relating to columns and floors are as follows: 


Fireproof Material .—The material which shall be considered as filling the conditions of fireproof covering iirr 
(1) burnt brick; (2) tiles of burnt clay; (3) approved cement concrete; (4) terra rotta. 

In all cases, the brick or hollow tile, solid tile or terra cotta shall be bedded in cement mortar closo up to the 
iron or steel member and all joints shall be made full and solid 

Exterior Columns. —(a) All iron or steel used as vertical supporting members of the external construction of 
any building exceeding 50 ft. in height shall be protected against the effects of external change of temperature, and 
of fire by a covering of fireproof material consisting of at least 4 in of brick, hollow terra cotta, concrete, burnt 
clay tiles, or of a combination of any two of these materials, provided that their combined thickness isn ot less than 
4 in. The distance of the extreme projection of the metal, where such metal projects beyond the face of the column, 
shall be not less than 2 in. from the face of the fireproofing; provided, that the inner side of external columns shall 
be fireproofed as hereafter required for interior columns. 

(6) Where stone or other incombustible material not of the type defined in this ordinance as fireproof material 
is used for the external facing of a building, the distance between the back of the facing and the extreme projection 
of the metal of the column proper shall be at least 2 in., and the intervening space shall be filled with one of the 
fireproof materials. 

(c) In aU cases, the brick, burnt clay, tile, or terra cotta, if used as a fireproof covering, shall be bedded in 
cement mortar close up to the iron or steel members, and all joints shall be made full and solid. 

Interior Columns. —(a) Covering of interior columns shall consist of one or more of the fireproof materials 
herein described. 

(6) If such covering is of brick it shall be not less than 4 in. thick; if of concrete, not Iimm than 3 in. thick; if of 
burnt day tile, such covcoing shall be in two consecutive layers, each not less than 2 in. thick, each having one air 
space of not less than in., and in no such burnt clay tile shall the burnt clay be less than % in. thick; or if of 
porous clay solid tiles, it shall consist of at least two consecutive layers, each not less than 2 in thick; or if con¬ 
stituted of a combination of any two of these materials, one-half of the total thickness required for each of iho 
materials shall be applied, provided that if concrete is used for such layer it shall not be less than 2 in. thick. 

(c) In the case of columns having an shaped cross section or of columns having any other cross section 
with channels or chases open from base plates to cap plates on one or more sides of the columns, then thq thickness 
of the fireproof covering may be reduced to 2)4 in., measuring in the direction in which the flange or flanges 
project, and provided that the thin edge in the projecting flange or arms of the cross sections does not exceed 
% in. in thickness. The thickness of the fireproof covering on all surfaces measuring more than ^ in. wide and 
measuring in a direction perpendicular to such surfaces shall not be less than that specified for interior columttl in 
the beginning of this section, and all spaces, including channels or chases between the fireproof covering and the 
metal of the columns, shall be filled solid with fireproof material. Lattice or other open columns shall be com¬ 
pletely filled with approved cement concrete. 

Wiring day Tiling on Columns. —(o) Burnt clay tile column covering shall be secured by winding wire around 
the columns after the tile has been set around such columns. The wire shall be securely wound around tile in such 
manner that every tile is crossed at least once by a wire. If iron or steel wire is used it shall be galvanised and no 
wire used shall be less than number twelve gage. 

(6) In places where there is trucking or wheeling, or handling of packages of any kind, the lower 5 ft. of every 
column encased with hollow tile shall be encased in a protective covering of No. Id U. 6. gage steel embedded in 
concrete. 

Pipes Enetosed by Covering.^(a) Pipes shall not be enclosed in the fireproofing of coltunns or of other structurid 
jnembers of any fireproof building; provided, however, gas or eleotrio light conduits not exceeding f^-in. diameter 
may be Inserted in the outer H in* of the fireproofing of such structural member, where such fireproofing Is entMi' 
composed of concrete. 

(h) Pipes of conduits may rest on the tops of ihe steel floor beams or girders, provided, they are embedded in 
cinder eonerete to which slaked lime equal to 6 ^ of the volnine of the concrete has been added before mivtpg cfi 
their belpg mnl|ldded stone eoficrete. 

1 Aevtoed JMIdinf Ordinances of the City of Chloago^ as amended Feb. 20,1911. 
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CovertnoB of Beamst CHrderst and Ttubbbb, —(a) The metal beams, girders, abd trusses of the interior struetural 
parts of a building shall bo covered by one of the fireproof materials hereinbefore specified so applied as to be sup¬ 
ported entirely by the beam or girder protected, and shall be held in place by the support of the flanges of such 
beams or girders and by the cement mortar used in setting. 

(6) If the covering is of brick, it shall be not less than 4 in. thick; if of hollow tiles or if of solid porous tiles, 
or if of terra cotta, such tiles shall be not less than 2 in. thick applied to the metal in a bed of cement mortar: 
hollow tiles shall be constructed in such manner that there shall be one air space of at least ^ in. by the width of 
the metal surface to be covered within such clay coverings; the minimum thickness of concrete on tho bottom 
and sides of the metal shall be 2 in. 

(c) The tops of all beams, girders, and trusses, shall be protected with not less than 2 in. of concrete or 1 im 
of burnt clay bedded solid on the metal in cement mortar. 

(d) In all eases of beams, girders, or trusses, in roofs and floors, the protection of the bottom flanges of the 
beams and girders and so much of the web of the same as is not covered by the arches shall be made as herein¬ 
before specified for the covering of beams and girders. In every case the thickness of the covering shall be meas¬ 
ured from the extreme projection of the metal, and the entire space or spaces between the covering and tho metal 
shall bo filled solid with one of the fireproof materials, excepting the air spaces in hollow tile 

(f) Provided, however, that all girders or truest when supporting loads from more than one story shall bo 
lireproofed with two thicknesses of fireproof materials or a combination of two fireproof materials as required for 
exterior columns, and such covering of fireproof material shall be bedded solid in cement mortar. 


FIRE-RESISTIVE COLUMN CONSTRUCTION 

By Fkank C. Thiebben 

‘ 11. Reinforced Concrete Columns.—tteinforced concrete columns are treated in Sect. 2. 
The Joint Committ/ee on Concrete and Reinforced Concrete recommends that concrete rein¬ 
forcement be protected by a minimum of 2 in. of concrete. 

12. Covering for Cylindrical Columns.—Cross-sectional forms of tile for encasing cylin¬ 
drical columns are shown in Figs. 1 to 3 inclusive. These blocks are made in segments of a 
circle and of varying sizes, allowing a space between the block and the surface of the column. 
The tile should be arranged to break joints. The designs shown in Figs. 3 and 4 have ribs on 
the inner face to aid in the setting of the tile and to maintain a space of uniform width around 
the column. If the columns are of cast iron, the space may be left unfilled to act as a “dead 
air space,” To be effective in this respect, however, the space should be sealed tight. For steel 
columns, the .space should be filled solid as a protection against corrosion. To make the anchor¬ 
age of the tile covering to the column more secure against the action of fire streams or falling 
debris during a fire, galvanized iron wire should be tightly wound around the column so as to 
cross each tile at least once. Fig. 5 shows an effective method of protection if plaster is to be 
used. It consists of a double covering of cement plaster on metal lath separated by and 
attached to metal furring strips, forming two air spaces. A single layer is not considered fire¬ 
proof. The double layer with the air spaces not only makes the construction more fire-re¬ 
sistant but also forms a better arrangement to resist the action of fire streams. It will be noted 
that this column is not thoroughly protected from corrosion. 

13. Coverings for Various Steel Coliunns.—Three sections of hollow tile used for column 
covering are shown in Figs. 6, 7, and 8. Two of these shapes have a rounded comer. The 
application of tile to various common shapes of columns is shown in Figs. 9,10, 11, 12, and 13. 
If pipes or wiring are to be protected or concealed in a space alongside a column, the column, 
nevertheless, should be encased on all sides as shown in Fig. 14. Failure to provide the inner 
layer adjacent to the steel column has been demonstrated to be bad practice. With the arrange¬ 
ment shown, temporary removal of the casing around the pipe space for the purpose of inspec¬ 
tion for repairs will not leave the column exposed. The protection of the pipe is ordinarily not 
as important as that of the main strength members and accordingly the thickness of covering 
ii^uired may be somewhat less, provided the pipes are set 3 or 4 in. inside the casing. 

14. BoRow Tile Ck>hiiiixui.--Fig. 15 shows a form of hollow tile having webs and walls 
about twice as thicl^ as Ofdinary hollow tile. These blocks are made in one size, 8% X 4 X S 
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in,, or about tbe^ize of 4 ordinary building bricks. Columns of these blocks may be built up 
in square or rectangular cross section, varying from SH to 31 in. square. The height of the 
column should not exceed 12 times the least dimension. 


Table For “Monarch^* Tile Block Columns 


size of column 
(inches) 

Safe load 
(pounds) 

No of tile in 
cross section 

No. of tile 
per lin. ft 

Weight of column 
per lin. ft. 

31 X 31 

612.500 

24H 

soH 

612 

31 X 26M 

525,000 

21 

81H 

525 

26H X 26M 

450,000 

18 

27 

450 

26H X 22 

375,000 

15 

22H 

375 

22 X 22 

312,500 

12H 

mi 

312H 

22 X 17H 

250,000 

10 

15 

250 

17H X 17H 

200,000 

8 

12 

200 

17H X 13 

150.000 

6 

9 

150 

18 X 13 

112,500 

4H 

W 

imi 

13 X SH 

75,000 j 

3 

4H 

75 

m X S^i 

50,000 

2 

3 

50 


FIRE-RESISTIVE FLOOR CONSTRUCTION 

By Frank C, Thiessen 

16. Requirements of a Fire-resistive Floor.—A fire-resistive floor should withstand a fire 
destroying the combustible contents of a building with no damage to the structural parts and 
with no more than slight damage to the material used for the protective covering. It goes 
almost without saying that the floor should support its full safe load at all times without exces¬ 
sive deflection. The floor should be water-tight to prevent damage by water to the contents 
of floors below. As ordinarily constructed, floors of hollow tile or brick are very permeable; 
water will make its way through cinder fill; cracks in concrete or tiled floors may allow water 
to reach the floor below. Ordinary plaster is usually removed either by the fire or by hose 
streams. Most forms of plaster or gypsum blocks, although serving to protect the steel frame¬ 
work from heat, may require reconstruction after the combined action of fire and water. Some 
repairs are to be expected even with the best of materials for no material can resist the prolonged 
action of intense heat and water applied when the parts are hot. 

16. Fire Tests.—The proper manner of using the various fire-resisting materials in the 
construction of fiire-resistive floors has been developed by observation and study of many build¬ 
ings after fire or conflagrations and by fire tests of small units. By far the greatest number 
of tests of types of floor panels has been made under the auspices of the New York City authori¬ 
ties according to specifications of the New York Building Ordinance. A brief description of the 
essential features of tests and the requirements for acceptance will indicate what is expected of a 
fire-resisting floor. A platform or floor is constructed within enclosure walls with the same 
quality of materials and workmanship employed in actual practice. This floor, designed for 
and carrying a distributed load of 150 lb. per sq. ft., is subjected to a continuous wood fire bebw 
the floor maintained at an average temperature of 1700 deg. F. for 4 hr. At the end of that 
time the underside of the hot floor is subjected to a IK-in. stream of water at 60-lb. noxile 
pressure for 5 min.; after which the upper side of the floor is flooded with water at low pressure; 
end then the etream of water under pressure is again applied to the underside of the floor for 
5 min. After cooling, the distributed load is increased to 600 lb. per sq. ft. and the deflections 
noted. The Standard Test* for fireproof floor construction of the American Society for Tesdng 
Materiab, wMeh is essentially the same as the test of the New York City Bureau of Buildings 
and the B^dtish Fife ISrevention Oommittee, prescribes that *^the tests shall not be regarded as 

* tew leak, Aia Sea iQf 
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successful unless the following conditions arcJ met: No fire or smoke shall pass-through the floor 
during the test; the floor shall safely sustain the loads prescribed; the permanent deflection shall 
not exceed in. for each foot of span in either slab or beam.^^ 

17. Scuppers.—The floors of storage warehouses, mills, or factories, containing merchan¬ 
dise or stock subject to damage by water should be impervious and should be provided with 
interior drains or scuppers placed in the exterior walls for the ready and quick escape of water 
from sprinkler heads, bursted pipes, or hose. The scuppers should be of cast iron with an open¬ 
ing at the floor level of about 4 X 12 in., sloping downward, at a pitch of 2^ lu. to the foot to 
the opening beyond the edge of the wall. Brackets or guards may be used to prevent the open¬ 
ing from being covered or clogged by material being placed against it. Flap covers allowing 
the water to escape readily without permitting a circulation of air along the surface of the floor 
are used at the openings. Two designs of scuppers are shown in Figs. 16 and 17. 




P)on 

Fig. 17 



Fig. 18. Fia, 19. Fw. 20. Fig. 21. 


18. Reinforced Concrete Floors.—Reinforced concrete floors are treated in other chapters 
in this section and in Sect. 2. The Joint Committee on Concrete and Reinforced Concrete 
reoommends that concrete reinforcement be protected by a minimum of 2 in. of concrete on 
girders, in. on beams, and 1 in. on floor slabs. 

19. Protection of Steel Girders.—Steel girders having a greater depth than the floor joists 
and projecting below the floors may be subject to extremely severe exposure during a fire. The 
lower flange should be covered with at least 2f^ in. of solid tile construction to 4 in. of hollow 
tile, depending on the exposure and the importance of the member. If the member is deep 
enough so that the web is exposed below the floor, the space above the flange or flanges should 
be flOed flush with the flre-resisting material. Sharp comers are subject to unequal heating and 
usually spall more than flat surfaces or rounded comers. Figs. 18 to 21 inclusive show typical 
coverings for various requirements of girders used in floor construction. If concrete is.used 
tm ihe fire-protective opvering the steel girdsrs should be wrapped with a wire mesh to reinforce 

borid riie^veriug to the member. See Art; 68 (c) for various types of steel frnme floors 
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20. Brick Arch Floor Construction.— A brick arch may be built between steel floor beams to 
support heavy loads. Tie^rods, connecting the beams, are used to take the thrust and should 
be covered with a thickness of at least in. of fire-resistive material. The brick are laid in 
cement mortar and set so as to break joints. The space between the arch and the floor is filled 
to a level with one of the fire-resistive materials, usually concrete. Although this type of con¬ 
struction is excellent in its resistance to fire, it is heavy and expensive. It has been used in the 
past in the warehouse type of building where appearance of the underside of the floor is not 
objectionable, 

21. Terra Cotta or Tile for Floor Arches.—Hollow terra cotta or tile blocks are made in a 
great variety of shapes and sizes for the various requirements of floor construction. Having 
parallel sides or edges, the blocks are adapted to use between the floor members of square or 
rectangular floor panels. Irregular shaped panels or irregular spaces created by openings in the 
floor are somewhat difficult to fill with the regular units of tile. If the space is so irregular that 
much patchwork is required, the covering of the steelwork may be imperfectly done and there 
IS also the possibility of tile not being placed in position to develop its maximum strength. If 
the floor beams are parallel, or nearly so, the tile are easily and rapidly laid, and without great 
interferen(*e or delay to other work in the building. 

Porous tile is the best from the standpoint of resistance to fire but does not possess as great 
strength as the harder grades. Semi-porous tile is extensively used for floor arches because it 
combines adequate strength with satisfactory fire-resistive qualities. 

22. Hollow Tile Flat Arch.—In Fig. 22 is shown a perspective view of a hollow tile flat- 
arch floor with th(‘ tile laid side to side and breaking joints. The openings or cells of the tile nin 
parallel to the beams. In this type, called side-construction, the breaking of a single block or 
its removal will not greatly impair the strength of the arch beyond the block. Fig. 23 is an illus¬ 
tration of so-called end construction of a flat arch, using a key block placed as in the side con¬ 
struction. In this type the tile is placed in the proper position to transmit the thrust directly 
through th<‘ wol)s and walls to the steel beam. It is evident that the blocks should be set in line 
and that the joints should be well bedded with cement mortar. 


Taule of Weights and Spans for End-construction Arch* 




Maximum safe soans 1 

Depth of arch 

W eight 

— 


(inches) 

(pounds per square foot) 

(feet) 

(inches) 

6 

2G 

4 

0 

7 

30 

' 4 

6 

S 

32 

5 

0 

9 

36 

6 

0 

10 

38 

6 

6 

12 

44 

8 

0 

14 

50 

0 

0 

15 

54 

9 

6 

Ifl 

55 

10 

0 


The strength of any arch depends as largely on workmanship as on materials, therefore the maximum spans 
given can be used only where experienced workman are employed and the work is guaranteed by a responsible 
contractor. 


1 National I'irciiroofing Co. 


The end block, shown enlarged in Fig. 24, is objectionable because it may not offer as great 
protection from fire to the lower flange of the beam, and may not be smoothly and firmly bedded 
at the floor member. Umng the skew shown in the side construction and combining with a 
key block and lengtheners set endwise, we have the type of floor arch most commonly used (Fig. 
26). The bottom flange is covered with a soflit block having an air space and which is attached 
to the flange by clips and thoroughly bedded in cement mortar. The tile are scored to provide 
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a bond for the plaster which is applied directly to the tile. The screeds or sleepers^ to which the 
flooring is nailed may be of 2 X 2 in., 2X3 in., or 2 X 4 in. beveled or dovetailed to remain in 
place in the concrete filling over the tile. These nailing strips may rest directly on the steel 
joists or may be held in position above the upper flanges by sheet metal clips notched to fit the 



Fio. 22.—Hollow tile flat arch—ride oonstruotion. 



Fto, 23 —Hollow tile flat arch—end construction. 



Pio. 24 , Fiq, 25 —Common type of hollow tile flat arsh. 



Fig 26 —Simidex floor arch. 


upper flange and nailed to the sides of the nailmg strips. Cinder concrete is commonly used 
Sw the filling. 

33. Simplex Floor Ardu—This flat arch is of the edde-oonstmetion type havingr wi^ 
klgn at the bottom edge to form a space or recess into which cement mortar may be grouted 
iriNsh a trowel. (^3* 20 shows a cross section of t1le arch with a form of guj^rt or eeuteilwt 
twed tn setting tile in fiat-arch floors. ^ 
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24e New York Reinforced Tile Floor.—A type of construction known as the ^*New York^^ 
Reinforced End-construction Arch is shown in Fig. 27. It is intended to be used in light floois, 
especially for residences, apartment houses, and hotels. It is adapted to wide spans, in which 
some tension may exist at the center of the span. A woven wire reinforcement (ilg. 28) is 
embedded in the cement mortar between rows and near the lower surface of the tile. This 
steel IS shipped in reels and is cut to the proper length on the job as required. Tests by the 
Bureau of Buildings of New York City have indicated that live load of 150 lb. may be used for 
6-in. tile of 6-ft, span, and for 8-in. tile of 7 ft. 6-in. span. 



Fia 27 —New York reinforced tile floor. 



Fia 2S —Reinforot incut for New York reinforced tile floor. 



Pia 29 —Herculean flat arch tile floor 



Fid 30 —Segmental arch floor. 


86 . Hereulaaii Flat Arch.—This system consists of 12 X 12-in. blocks of semi-porous terra 
cotta, of 6, 8, 10, or 12-in. depth according to span, combined with steel reinforcement. It is 
adapted to wide spans in which beam action requires the use of steel at the top or bottom. The 
rdnforoement cornets of a T-shaped steel bar, IH X IH X in., embedded in cement 
mortar in a groove in the side of the bbek. For arches of greater depth than 8-in., two T-bars 
are used as shown in Fig. 29. 

86 . Se^eatai Arches.—-Fig. 30 shows a hollow tile arch. This type of Boor constructiott 
may bo need wheie loads are heavy, as in warehouses, factories or lofts. Tie-rods are re<iiiired 
to take ttks thrust. The setting of the tUe and the placing and covering of the tie-rods mate 
the seipmentil andl type much more difficiilt to construct than the flat arches. A plastered 
ceilbf may hs 
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FOUNDATIONS 

By T. Kbnnard Thom^ion 

The foundation, as applied to buildings, biidgos, etc., is considered as that portion of the 
structure resting on the rock or soil The foundation work generally includes the excavation 
to, and preparation of, the rock or subsoil and the placing of concrete, brick, or other footings 
thereon. 

27. Preliminary Investigations. 

27a. Personal Survey of Site.—Before making an> plans a j)ersotMl ituspection 
of the site is necessary. No rules or regulations can take the place of this, for every site has its 
own peculiar environments which greatly affect its adaptability for fouiulations A site in a 
vacant block, for instance, requires very different treatment to one with high buildings around 
it; likewise, a site near a stream of water, or even in the bed of an old stream long since diverted, 
requires more than ordinary consideration. 

If the plot has high hilln surrounding or nearby, an enormous unexpected prewure may be exerted on tho 
foundations For example, a well built culvert having walls 10 ft thick and supporti'd by 1000 piles, under an 
embankment on the Erie Ilailroad, was badly wrecked after completion by the piles being forced sideways by tlie 
movement of a soft strata, which caused one end of the tunnel to move 10 ft horizontally and then back 2 ft, while 
the other end moved 24^ ft in the opposite direction The cause of this distortion was the action of the water from 
the surrounding hills on a soft bed of clay some distance below the surface Ihe tops of these hills were 200 ft 
or so above the culvert In this case the probabihties are that if the piles had been omitted the (uhert would not 
have been destroyed, as the movement was in a strata below the surface and carried the piles with it It is inter¬ 
esting to note that evidence of glacial deposits of hardpan were found on the adjacent hills over 1200 ft above the 
sea level 

The above case is cited simply to show that a careful inspection by a trained observer should always precede 
the mechanical investigations, or much better still, before the site is even purchased Surh precautions w*ould 
save m the aggregate many millions of dollars, as good locations can often be as easily and cheaply secured as bad 
or unsafe ones. 


276. Rod Test.—If the site for the building has already been selected where the 
ground is more or less soft, it would be advisable to ascertain the approximate depth of the 
soft strata, for if it were only a few feet, with a good gravel, rock, or other stable material near 
the surface, it would be worth while to continue the excavation to the more reliable material 
A simple way to ascertain this is to drive a steel rod or crowbar into the ground. If the rod 
only penetrates a few feet, more definite means should be taken to ascertain the nature of the 
material under the surface, whereas if it penetrates many feet, the nature of the building might 
be such that it would not pay to carry the foundations to a hard bottom at that site, and tho 
character of the building might also be such that there would be no object in going deeper than 
the frost or other requirements necessitate. In some cases, the rod may be driven 30 ft. or 
more, but at the best, this method simply indicates that a hard foundation cannot be obtained 
at a reasonable depth. 

27c. Auger Borings.—^The driving of a steel rod or crowbar stops on the first 
obstruction and would not indicate that below this obstruction, be it clay, gravel, boulder, or 
stump, there is not another soft strata. An ordinary wood auger is often used where more 
definite information is required. The auger will often penetrate 100 ft. or more and brings up 
fairly reliable samples. The auger, however, is chiefly of use in fine sand or clay and stops on 
the first obstruction encountered. 

27<l. Wash Borings.—When the material is too hard or compact to get good 
results from the rod or auger, wash borings are frequently made. The simplest method is to 
use a gas pipe into which water is forced and allowed to escape at the bottom as the pipe is 
worked up and down by one or two men holding it. A more effective method is to have a 
latgiW pipe-*~say, 2 to 4 in. in diameter—which is driven down by a sort of miniature pile driver 
{geimrsSy in the shape of a tripod) with a smaller water jet pipe working inside of the laiger 
m easing pp< The continual flow of water brings the material to the surface where it is care- 
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fully collected and tabulated so that a plan can be prepared showing the various stratas passed 
through. 

In washing up the materials, clay is apt to disappear and the coarse material to be sepa* 
rated from the finer so it is rather difficult to be sure that the samples really show the nature 
of the ground. Wash borings, however, are in many cases sufficiently reliable for the purpose; 
cost very much less than core borings; and may be carried down 100 ft. or more. 

Afl a general rule, men who make wash borings claim that they stopped on rock or a boulder—but it is nearly 
always a boulder. An exi>erienoed man who knows the nature of the rock at that site can often tell if he has 
really reached bed rock, especially if it is a soft rock, like micaceous gneiss which easily chips off and is washed 
out. One of the few cases where wash borings always reached bed rock was for the Pennsylvania Tunnel in New 
Vork City, under Thirty-third Street. In this case wherever a boulder was encountered a small stick of dynamite 
was dropped down the hole to shatter and remove the boulder Tn lower New York the operator nearly always 
claims that he has reached bed rock when, as a matter of fact, he is at or near the top of the hardpan After being 
badly deceived once or twice, an experienced contractor will never agree to carry hie foundations to bed rock on 
the evidence of wash borings—but will only contract to go to the depth indicated by the borings, if for a lump 
sum, with so much per cubic yard for extra work below these depths. 

27e. Diamond Drill Borings.—Diamond drill or core borings are used where it 
is necessary to be absolutely sure as to the depth of the bed rock and the nature of it. These 
borings arc obtained by having a cutter which is hani enough to cut out a core of even the hard- 
<‘st rock and bring it to the surface. The cutting tool is made of diamond, shot, or fragments of 
chilled cast iron. These cores are sometimes about 1 in. in diameter and from a fraction of an 
inch to 5 or 10 ft. long. 

An experienced operator should never have any difficulty in telling whether his sample is from a boulder or 
bed rock—for, in the first place, he should know, or soon find out, the nature of the bed rock at the site he is work¬ 
ing, and, in the second place, boulders arc usually of a much harder material than the rock and are naturally limited 
in size. The reason for this is that what wo call boulders are big gravel, having been brought down and deposited 
in the glacial period—all the rough corners and soft pieces being ground off in the process. Nc\i York gneiss, for 
instance, would have been pulverised long before it could have been formed into a boulder. 

Diamond drill b<inng8 arc naturally tuiich more expensive than the other methods described, but on the other 
hand they are conclusive evidence, as far as they go, although they do not show the variation of the rock level 
between the borings. For instance, m the Ohio River, at Mingo Junction, the rock is almost as level as the water, 
while in New York the rock is tilted as if it has been thrown into place and is, therefore, exceedingly oneven in 
elevation. In lower New York, the top of the hardpan is usually nearly level for considerable distances—^but the 
top of the rook is very irregular, varying as much as 14 ft. vertical in the same number of feet of horizontal distance. 

As it is much cheaper to get a contractor, who makes a specialty of making borings, to rig up a plant, than it is 
to get one to do it who is not familiar with the operation, it is hardly worth while to give details of these devices of 
which there arc an unlimited number of designs. 

27/. Test Pits.—Digging a small test pit will often take the place of boring or 
supplement the information obtained thereby. But test pits are not usually made under the 
ground water level nor to more than a few feet in depth. 

27(7. Test of Soil for Bearing Capacity.—Where the local cond tions are not 
well understood, it is well to make special tests of the soil by putting a platform on the ground 
and loading it. The larger the area covered b}' the testing platform the more reliable the results, 
but even the most careful experiments of this nature require a great deal of personal judgment, 
not only that the conditions may he thoroughly understood, but also that the present conditions 
will really represent future conditions. For instance, a test on dry hard clay would be valueless 
if the clay subsequently became wet; or, on the other hand, if the test were made on wet clay— 
that could not squeeze out and the clay afterwards became dry—the shrinkage resulting might 
be serious. 

It is often good Judgment to dig a hole and put the loading platform on the bottom of this hole, provided the 
excavation for the test h<de fairly represents the conditions of the proposed foundations. The reason for this is 
that the weight of suirounding material holds foundation soil in place, so where only 2 to 4 tons would be allowed on 
sand when the foundations wwe to be near the surface, if the excavation, say by pneumatic cai«i8on or cofferdam, 
were carried 30 or 40 ft, down, 6 to 10 tons per sq. ft. might be safe. 

88. Cbwmct«ii«tic* of Soil, Rock, Etc.—If the sand, clay, or other material had been pre¬ 
pared by man so that he4kaew the exact constituents, how it had been placed, how rammed, 
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roiled, or tamped, it would be comparatively easy to say how much load could safely be applied, 
but as these materials have been placed by nature, sometimes by gentle sedimentation and 
sometimes under enormous hydraulic pressure, and as they are often placed in layers of more 
or less thickness, with or without water present, all we can do is to give general rules as above 
and then make tests and use our best judgment. In fact, no part of a structure is so dependent 
on good judgment and so little bound by cast-iron rules as the foundations. 

In view of the many laboratory tests and papers on the subject of foundation substrata, it 
might be well to state that when subsoil materials are taken into a laboratory they are no longer 
subsoil materials and can never again be put into a position whore they will act as they would 
where nature has placed them. 

For instance, in each and every case there is a difference of arrangement of more or less 
natural cementing material, and there is no telling how many thousands of pounds^ pressure 
nature may have exerted during the placing or shortly thereafter. 

The writer has seen hardpan, or glacial drift, placed under an unknown depth of water, at 
an elevation of over 1200 ft. above the sea level, in western New York. One might almost as 
well pulverize concrete and then test the material in a laboratory as if it were concrete. Each 
and every foundation is apt to have certain conditions not found anywhere else, and all the 
laboratory tests in the world would not eliminate the necessity of using one’s best judgment 
in each and every case. 

Sand ,—Clean sand has been packed in such a manner by hand that it safely carried 100 
tons per sq. ft., or more, and yet as it is found in nature, it cannot be loaded with more than 
from 2 to 4 tons except in deep excavations. 

Sand varies from pure silica in very fine particles, to gravel, or it may be mixed in various 
proportions with many different materials, as clay, loam, decayed vegetable matter, minerals, 
etc., and, most important of all, water. Sometimes nature makes a thorough mixture; while 
there are many places where successive layers are found. These may be thick or thin, of sand, 
clay, gravel, etc., and may be repeated over and over again. A shaft has been sunk through 
about 40 ft. of distinct layers many of which were less than Ke in. thick. The clay acts as a 
lubricant to help the sand to slide into any accessible opening. 

If the sand is confined so that it cannot escape, it will safely sustain great loads whether 
it be dry or wet, and sand of coarse grain may be alternately wet and dry provided no sand 
is lost or carried away in the process of wetting or drying, the coarser grains being much less 
liable to be carried off. 

The disintegration of rocks (especially igneous rock, containing silica and calcium) by the action of the weather, 
wave, or wind, forms pure sand. After being separated from the rock the grams are carried by the riven, waves 
of the oceans, or wind, to a new bed, and often many other substances, such as day, mud, minerals, etc., are de¬ 
posited at the same time or in between the different layers of sand. Calcareous sands are formed generally by 
the waves of the seashore, which act on limestone beds, shells, corals, etc. Much sand comes from pulverised quarts, 
as the softer rocks will not stand the grinding action necessary to form clean white sand. 

On the desert, the sand particles have their rough edges ground off by being blown over and over each other 
by the wind, which, like the waves and floods, tends to separate the larger or heavier from the smaller and lighter 
fragments—often to be mixed up again with other grades of sand and with other material. Even such hard sub¬ 
stances as diamonds are rounded when carried along with sand. The banks of a river may contain many kinds 
of rock and the same kind of rock in many places, some making sand, others gravel, mud, clay, etc., all of which 
may be mixed together in transit. Even a coarse sand is carried on a current of less than M mile per hour, the 
heavier grains sinking first and the finer grades being carried much farther. 

In North America and other places, much sand was Inrought down with the ice during the glaeial period. 
The particles of this sand are often more angular than the particles of sand washed down with gravel in the riveii or 
blown about by the wind. The treatment which makes sand would make clay or mud of the softer rooks. 

AJl kinds of metals, diamonds, earthy matter, etc., are found mixed with the sand at different idaoes, aM and 
ofrihet heavy metals working their way to the bottom. 

fiCsat accelefaiss the ehcsnical action in the dirintegration of rodo. 

Ctay* —Nearly all rocks, if pulverised enough, would be found to haye mme of th6 
^mditleg of clay. Hard rocks, like quartz, as a rule are not so eamly decomposed by the weather 
^ 111)4 Itre more|ipt taform sand than clay. In NW York, however, rook eontidning qtiairta 
found uudai* of hardpan so rotten that it could be shovelled; whether this 



S^C. a-281 STRUCTURAL DATA 

tion occutred before the hardpan was deposited or was due to subsequent chemical action 
would be hard to ascertain. 

Clay is a combination of silica and alumina with all sorts of impurities mixed with it. 
When mixed wet and dried out, it becomes very hard and shrinks in volume. Being so much 
finer in particles than sand, it is held in suspension and carried much farther out to sea than the 
coarser-grained sand or gravel, which are deposited first. The finest particles of all are carried^ 
often, far out into the ocean as mud. This fine material may become shale by pressure Or 
some other means. The shale may be uplifted and exposed to weather where it will disintegrate 
and again become mud or clay. 

Clay is deposited, layer after layer, with sand, travel, or other material (such as decayed vegetable matter, 
aniznal matter, minerals, etc.) mixed in between and often acts as a lubricant for the more compact or heavier mate* 
rial to slide upon, and is undoubtedly the cause of nearly all great land slides. It is at the best a very treacherous 
material to deal with. When dry it will carry 4 tons per sq ft., or much more, but when wet its carrying capacity 
IS extremely uncertain to say the least, and often it would not be safe to place ^ ton per sq ft. on it, unless a con¬ 
siderable settlement would not be injurious to the buildings. 

Clay, unlike sand, is softened by water and liable to move under pressure. In a ease at Hudson, N. Y., 
a 225-ft. chimney, power house, and other buildings were wrecked, all of which were located on rising ground 
near a creek, and 12 acres dropped 20 ft. in 2 min. Fifty auger borings failed to indicate the cause of the 
disaster, but a shaft, about 4 ft square, sunk to a depth of 35 ft disclosed a very soft layer of clay at about the 
same level as the bed of the creek The probabilities ar<* that the excessive rams of that season had reached 
this bed of clay from the surrounding hills, causing the sudden tollapsc^ which moved the creek bodily, about 
100 ft., in addition to the sinking of the 12 acres. This layer of clay as disclosed in the shaft, was entirely in¬ 
adequate when softened by the excessive rains, to carry the weight of the soil above it even without considering 
the buildings at all; and as a proof of this it might be stated that a similar slide occurred nearby in the Virgin 
Forest. 

Ijoam .—^Loam is a mixture of decomposed organic matter with sand, clay, etc., and is 
treacherous enough material even when not full of worm holes. As a rule, it is not compacted 
by Nature as most sands and clays are by the glacial or other floods, and does not extend to 
any great depths. No building of any importance should be founded on it. 

Marl. —Marl is composed of clay and carbonate of lime in different proportions, the car¬ 
bonate of lime often making it valuable as a fertilizer. Like clay and sand, it contains many 
impurities, fossils, etc. Soft marl is called earthy; hard marl, indurated. 

Hardpan .—Hardpan is usually a mixture of sand, clay, and gravel. In New York, for 
instance, it was evidently formed in the glacial period and seems to be free from vegetable or 
animal deposits, for if any such were originally in the mass, all traces thereof seem to have dis¬ 
appeared. Generally this hardpan lies directly on the rock (in New York) with from 30 to 80 ft. 
of quicksand on top of it, but occasionally a layer of from 2 to 20 ft. of clean sand, gravel, and 
boulders is found between the hardpan and the rock. The proportions and consistency of this 
hardpan vary from mud to a natural concrete which is so hard that it has been mistaken for 
good Portland cement concrete. As a rule, however, it can be removed by pick and shovel. 
In one case only, when sinking caissons in New York City, a vacant space of about 8 cu. ft. 
was found in the middle of the hardpan removed. This may have been formed by some matter 
which was afterwards decomposed allowing the space to be filled with water. Most hardpan 
is much harder when dried out than when in its original bed, under water, but any good hardpan 
will support in its natural bed more than 15 tons per sq. ft. provided it is not underdrained. 
Some hardpans are water-tight, others water-bearing. 

PeaJty Bogy Etc. —It is sometimes necessary to put floating foundations for railroads or other 
structures on these materials, but as the risk is great, it should only be taken vrhen unavoidable 
and then with great care. Peat is vegetable matter not fully carbonized. It has been used 
for embankments on canals where the question as to the safety of having an inflammable mate«> 
rial for l^e banks of a canal was gravely debated. 

Hudson Kiver silt is so fine that a 23-ft, diameter shield of a tunnel could be 
driven across tfee Hudson River without excavating any material whatever (see James Forgie, 

Nmvif Pdb. 28, 1917, p. 228). In this material 90-ft. piles have been driven in 6 min,, 
’Witbont mobing any harder materials; and then a test was made by capping 4 of these piles 
mA after b^ng drived; when they held a test load of 180 tons without any further penetm- 



, 354 HANDBOOK OF BUILDING CONSTRUCTION {Sec. 3-20 


don whatever. The Hudson River silt is very much finer and more treacherous than the New 
York quicksand. 

GramL —Gravel is generally obtained by screening from mixed deposits the sand, mud 
and boulders; occasionally the run of the quarry can be used as found either for gravel or for 
concrete, without removing the sand. 

Rock ,—A good rock when lying in its original bed will support any load which is liable 
to be placed upon it. The chief danger is where the stratification is inclined and in such a 
position that it can break on its natural cleavage plane, allowing the structure to slide into a 
valley or adjoining excavation; a condition to be guarded against in a city like New York, 
where the stratification is very tilted and very irregular, and where subways and excavations 
for other purposes remove the rock by blasting many feet below the foundations of the adjoining 
buildings. 

29. Loads on Foundations.—New l^'ork Building Code, as of March 14, 1916, gives a good 
summary for loads per square foot on different soils, excluding mud, as follows: 


Wet clay. 

Wet sand. 

Firm clay. 

Sand and clay mixed or in layers . 
Fine and dry sand 

Hard dry clay . 

Coarse sand. 

Gravel . 

Soft rock 

Hardpan. 

Medium rook . 

Hard rock. 


1 ton 

2 tons 
2 tons 
2 tons 
M tons 
4 tons 
4 tons 
(> tons 
8 tons 

10 tons 
15 tons 
40 tons 


When the Superintendent of Buildings is in doubt as to the (lualit} of the soil, he demands 
that proper tests shall be made to determine the .safe bearing capacity. He will also consider 
any tests the owner may wish to make under the supervision of the Department. 

In New Orleans, where the subsoil is all alluvial, the building laws specify that only 1400 
lb. per sq. ft. will be allowed on any foundation. Buffalo allows tons per sq. ft. 


The writer is satisfied that almost any material that deserves to be called rock will bear, in its original posi¬ 
tion, laractically any load that can be placed upon it, provided that the rock is not inclined and lying in such a 
IKMiition that it can slip off its base and take the building with it. When the rock is so rotten that it can be shovel¬ 
led out, it is hardly fair to call it rook. Usually concrete is {daoed on top of the rock, and 15 tons per sq. ft. is a 
safe allowance for good concrete. This load is the same as 208 lb. per sq. in., or 104 lb. on ^ sq. in. Now imagine 
a girl weighing 104 lb. standing on a French heel of H sq. in. She could not make any impression on a wood floor, 
much less on bed rock; or, in other words, the foundations for the Singer Tower in New York City, 612 ft. high, 
only cover half the area of the lot, and so if the weight of the Singer Building were doubled, the weight on the 
whole area would be only 104 lb. per sq. in. First class concrete would carry safely much more than 16 tons 
per sq. ft., but owing to liability of poor workmanship, etc., it is safer not to allow more than this amount. The 
load allowed on mortar or concrete will generally govern the load on the rook since, apart from the expense Of 
leveling off the rock to get a direct bearing for the steel columns, it is usually advisable to have some waterproof 
material, such as sheet copper or lead under the columns and to have several inches of mortar between this mate¬ 
rial and the column base. Copper should never be in contact with steel as the steel may be destroyed by electroly¬ 
sis, and tar and felt are too compressible to be put under heavy columns. 

30, Dead| live, and Wind Loads.—There are many empirical rules for estimating the loads 
oil foundations, especially as regards live and wind loads. The dead load is, of course, a fixed 
item being the weight of the structure itself. 

Most building laws do not anticipate that all of the floors will be loaded to their maximum 
at one ttme, but while the fioors of an office building, for instance, must be sufficiently strong to 
carry heavy safes and a crowd of people and there is little probability of all the fioors of such 
building being so loaded at the same time, a wareliouse or factory on the contrary might have 
its capacity taxed to the utmost, so the only safe way is to take each case by itself and design 
each foundation for the total load which it will probably be suhjectefl to, including wind and 
mm, Many^ties specify that the foundations i^all be designed to carry fi0% of the assumed 
lii^ load in to the dead load, snow load, and wind pressua*. 
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In designing iteel buildiogfli there eeems to be s greater variation in proviaion for wind atreaaes than for Iwiy 
other itenif for some buildings seem to have been built without making any {wovision at all**^hile ofrherii like 
the Singer Building Tower, not only have ample knee braces and other connections, but have in addition, anchor 
pye-bars extending many feet into the concrete caissons in such a manner that the whole caisson would have to 
be lifted or the column broken before the building could blow over (see Trans, Am. Soc. C. E., vol. LXIlt, pp. 
1-30). Very few buildings are so anchored and very few would need any provision against uplift. On the other 
iiand, however, it is often advisable to add the wind loads to the dead and live loads on the leeward side of the 
building. For tall chimneys or isolated buildings, the entire wind pressure might reach the foundations while in a 
built up section of a city only a fraction of the maximum wind pressure would probably do so. 

31. Building On Old Foundations.—When it in desired to add 3 or 4 stores to an old build¬ 
ing, it will often be found that a building which has been in existence for many years, resting 
on sand, clay, etc., has so compressed its foundation that the additional weight will not cause 
any settlement or cracks in the building at all. This, however, can be determined only by a 
careful investigation of the site, making borings and other observations. The National City 
Bank on New York quicksand, and the Methodist Book Concern, Fifth Ave., on sand, clay, 
etc., are examples of this. Both had been built many years and neither settled the slightest 
when new stores were added to the old. 

82. Effect of Climate.—Foundations are not usually exposed to the weather and are not 
therefore as much affected by the climate as the rest of the building, but the results of expansion 
and contraction must always be considered. Some reinforced concrete buildings have been 
built from 100 to 300 ft. long without any expansion joints, but if the foundations had been 
continuous for that length, the upper part of the structure would have expanded more than the 
base with disastrous results. Cast-iron cylinder piers, 6 to 8 ft. in diameter, have been filled 
with masonry which did not contract as quickly as the cast-iron shells, with the result that the 
shells split open. This has occurred in several places. 

A large hospital was founded on shale, and had a 4-in. concrete slab for a floor, without any expansion joints 
although the building was over 100 ft. square. Under the floor were numerous tunnels, or subways, 4 ft. deep 
by 6 ft. wide, for steam pii>eB. The floor was constructed in January; hospital opened in July; thermometer stood 
at 102 deg. in shade outside and 128 deg. in the subways on account of the steam pipes being required for sterilising 
purposes. As the heavy building was on a solid foundation, the floor was held on its four sides by the heavy build¬ 
ing, so it just naturally buckled up—smashing various light partition walls, etc , and causing thereby considerable 
discussion os to whether (1) the building had settled, (2) the building had risen in places, or (3) an explosion of coal 
gas had occurred. This discussion lasted for mouths before the real cause of the trouble—expansion—was dis¬ 
covered. The object of having such large floors without expansion joints was to avoid the danger of germs finding 
their way into the joints where they could not be scrubbed out. Needless to say, the above object could have been 
obtained and proper provision made for expansion and contraction at the same Ume. 

Heat. —Concrete while setting should be protected from excessive heat of the sun and in 
some places it would be advisable to keep the foundation so protected until the building is 
constructed over it. 

Concrete like rock or soils, is much more liable to disintegration from chemical action 
when at the same time subjected to heat. This has been found to be so at Panama, Long Island 
Soimd, New York City, and many other places. 

In the writer^s opinion, pure salt water does not injure dense Portland cement concrete, but chemicals from 
sewage or other sources, especially when heated by the sun or other means do destroy it. For an example, the 
discharge tunnel from a powder house was built of concrete. The impure water, so discharged, was very hot 
and it was found that no concrete could last in this position. A wood lined tunnel was tried and up to date seems 
to give satisfaction. 

CoZdL—porous concrete which allows the water to enter and freeze or to carry chemicals 
in or out is in much more danger from climatic changes than an impervious concrete. Where 
necessary, steel reinforcing should be used to prevent danger from expansion and contraction. 
Foundations should always be carried deep fuiough, unless on beni rock, to prevent the material 
under Uio foundation from freezing and thus expanding so as to lift and destroy the work. 

It is a very sale rule not to place concrete when the temperature is much below freezing. 
Good concrete, however, has been laid in from 10 to 15 deg. or moro below freezing by heating 
the ingredients before mixing and covering the concrete while setting. It is always advisable 
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to prevent the concrete from freezing before or while it is setting, as the distortion is liable to 
be injurious. 

83. Waterproofing.—The nearer concrete is to being waterproof, the better, as it will be less 
liable to be damaged by frost, etc., and one of the surest ways of accomplishing this is to have 
enough cement to fill all the voids in the sand. This generally means a mixture of one part of 
cement to two, or less, parts of sand. A concrete of good Portland cement, sand, and stone, or 
gravel, with no voids will come very near to being waterproof, but at the same time this is a 
very hard condition to obtain. 

There are numeroua substances which it is claimed, when mixed with the cement, will keep the water out. 
Other methods, such as, tar and felt, sheet copper, sheet lead, etc., are well known and rehable if properly apphed, 
but as a rule contractors for waterproofing do not try to waterproof against a head of water, preferring to put drains 
onder the floors or behind the walls which are to be protected These drains lead to sumps and the pumping 
therefirom as a rule is not senous. Where there is a persistent leak in a wall, it is a common practice to cut a groove 
m the wall and then cover it over, thus forming a blind drain to carry the water from the leak down to the sump. 

ilfoundations, retaining walls, etc., should have the concrete poured continuously from the base to the top 
of the wall, for if the work is suspended until the concrete has begun to set, water will always be able to find its 
way through horisontal cracks formed where the stops are made in pouring. As there is generally a certain amount 
of milk of hme or laitance on the top of wet concrete, a small seepage of aater will eventually greatly enlarge these 
horizontal cracks, by washing out the soft mortar or milk of lime An examination of almost any retaining wall 
along a railroad will prove this statement. The writer never allows his work to stop over night, in oases where 
such leakage would be objectionable. 

34. Allowances for Uneven Settlements.—Buildings founded on sand, clay, or other mate¬ 
rial liable to compress under the weight of the building, should be designed so as to have fairly 
uniform loads per square foot on the foundations, otherwise one part of the building will settle 
more than the other parts. A low or light building attaclied to a higli or heavy or old building, 
should have an open joint, not necessarily exposed to view, so that if the heavier building settles 
it would not make an unsightly crack between it and its addition. Lack of this precaution 
resulted in a fine church breaking away from a one story extension although the load was not 
over ton per sq. ft. on the foundation of either. 

In Chicago many high buildings were built on spread footings on the clay, which were sometimes carried a 
considerable distance from the surface by means of vertical shafts or open cofferdams. Great care was exercised 
to design these foundations so that each footing under the building would have the same load per square foot on 
the clay. But in spite of all precautions the settlements have not been uniform, varying from 2 to 4 It. On 
account of the trouble which resulted, the more recent buildings have been or are being carried to bed rock. 

The sinking of the buildings in Chicago started long before the day of subways, so the trouble is liable to get 
worse instead of better. The tunnel construction will undoubtedly continue in Chicago and all other large caties 
and every deep cellar or excavation must more or less affect the ground wrater conditions with disastrous results 

After having tried so unsuccessfully the founding of buildings of 18 and more stories in height on day in 
Chicago, the plan of driving pile foundations or better still, carrying the foundations to hardpan or bed rook was 
adopted for the higher buildings, and of limiting the height of the buildings on the clay foundations to 6 or 6 stories, 
the foundations of which only covered about half of the area of the lot instead of the whole of it. When only a 
portion of the lot is covered by foundations in this material, the load can naturally be larger per square foot of 
surlaoe covered. 

83* Poimdatioiis as Regards Character of Structure. 

33a. Residences.—In determining what load can safely be placed on the founda* 
tbni one must know to what use the building will be put. For instance, a country dwelling 
would require very little spreading of the foundations assuming an ordinary cellar or where the 
fouudations are deep enough to be below the frost line. If, however, the ground has prevkmsly 
been levelled up with a rock fill, on top of which more or less dirt has been placed, the rocks may 

to a certain extent due to soft ground underneath or to breakage of the stones which were 
bosely packed, and, what more frequently occurs, the rain may wash the superimposed eurtk 
into toe creviees of the rock allowing the residence to settle, badly cracking the plaster and WsR 
piqier and jamming the doors and windows. This sometimes continues for many years* 

^ !l@ven with fight buildings, it is advisable to see that the rains or streams are not Sable 
blay from underneath or ik soften toe day by wetting it, or eauringit to 
itosk by i%mt- 
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866* Factories. —When near other buildings; in addition to the above require¬ 
ments, factory buildings need to be ensured against shock or vibrations from destro 3 ring other¬ 
wise perfectly safe foundations. For instance, a building containing a gas engine, built ori 
silty ground and having a large number of compresol piles under it, vibrated so badly that other 
buildings 700 ft. away moved as much as He in., vertically and horizontally with each motion 
of the engine. These compresol piles had been formed by dropping a pear shaped weight from a 
pile driver until a hole 3 or 4 ft. in diameter had been made some 12 ft. deep. Occasionally 
sand, ashes, or clay were dropped into the hole and rammed aside to keep the water from 
troubling. Finally the holes were filled with concrete and it was thought that a shock-proof 
foundation had been obtained, but the very roughness of the piles seemed to assist in transferring 
the shock to the soft ground. Subsequent borings indicated that an ordinary cofferdam could 
have been carried about 4 ft. farther, where it would have reached a much harder and more 
satisfactory material. The company had on its own ground in just as convenient a location, 
a site where this engine could have been built on hard ground and at a less cost. In fact, the 
most feasible way of remedying the error would be to build an entirely new engine house on the 
higher site and use the old building for other purposes, that is, for stationary loads which would 
cause no shock to be transmitted through the ground. 

86c. Churches.—Special pains have to be taken with churches which are often 
very heavy with high unsupported walls and long span roof trusses or arches. The beautiful 
and historic St. Paurs Church, London, England, has long been a source of worry on account 
of the settling of tlie foundations, aggravated bv the construction of subways which lowered the 
water level, thereby injuriously affecting the stability of the clay sub-strata. 

35d. City Buildings.—The efforts to economize on the foundations for buildings 
in Chicago with the very unsatisfactory results due to the continual settlement, both even and 
uneven, have already been noted in Art. 34. Buildings up to 8 or 10 stories, as a rule, would 
hardly s^m to justify foundations of 40 to 80 ft. or more in depth, although there are a few 
buildings in New York of from 4 to 6 stories in height, above the curb, which have pneumatic 
caisson foundations carried to bed rock under them. In these cases, however, the work was so 
designed that many more fioors could be added to the building later on without tearing it down 
or adding to the foundations. 

A vefy fine cathedra!, recently built, had a foundation on coarse sand, within a foot or so of the street level. 
The ground level between the street and the building was then raised some 3 ft. The towers had a load of 4 tons 
per sq. ft., while adjacent walls had only 1 ton per sq. ft. The uneven settlements caused serious cracks between 
the towers and the walls. 

In large cities, like New York, one must not only consider the existing structures in the neighborhood, but also 
thoiie of the future. In this respect many 12 to IC-story buildings in New York wore founded on piles or on floating 
foundations, the excavation being carried almost to the surface of ground water, with the result that excavations 
for other buildings and for subways have seriously imperiled them by lowering the water leveL 

Wooden piles or steel shells filled with concrete will last indefinitely if kept always under water, but will soon 
rot or rust out if the water is withdrawn. On 33d St., New York City, the construction of the Pennsylvania R. R. 
diverted an old etream and left wooden piles high and dry, which were originally 30 ft. under water, thus destroy¬ 
ing their value and milking expensive underpinning necessary. Similar results, but not to such a great extent, 
have been noticed In many parts of the city. Recently in lower Broadway where the material above the hardpan is 
the so-called New York quicksand, the water level suddenly rose 9 ft. and then dropped back 10 ft. almost as 
suddenly* This high water caused the flooding of several buildings over a block away. As this was the site of a 
12-story building which rested on the very fine sand, the dazucer can readily be seen. The most plausible explana¬ 
tion is that the ground water level, which used to be from 6 to 9 ft. above the high tide level, had been lowered by 
some nearby construction, either the subways or deep cellars, and that a broken water main temporarily raised 
the water to Its hid level only to be quickly drained off again. Needless to say, such periodic ooourreaoes must be 
very unsafe to the buUdings. A designer of foundations should have a danger signal running through his mind— 
Water! Waterl took out for waterl .... 

IBvery here end there ekysorapers are erected with so-called “earth scrapers** under them, which have from 3 
to 4 doom below the water level, and it is very hard indeed bo prevent some seepage into the cellar drains. Agmn, 
the sideways ere In mgiiy easee below the water level and it will be only a question of time before the railro^ will 
want to ttmasl under the subways to cross Manhattan from Jersey to I^mg Island, so any new building whi^ does 
lint Mw Intn the future chantfss of the ground water level will probably pay for the lack of foresight. It 

hae been enikhrdauu areund the lower end of tne city and to pump the water out, which would surely 

haue lury laleubidhig fseiilta^ th the onlooker, if ever attempted. 
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Similar resulia may be expected in all large cities founded on fine sand with a high water level, or on clay as in 
Chicago, or on alluvial deposits as in New Orleans. 

As before stated, sand of various degrees of fineness or coarseness, wet or dry. will carry very considerable 
loads—say, from 2 to 10 tone per sq. ft.—the greater loads being permissible where the excavation is carried to 
a considerable depth below the surface, but this advantage would of course partly disappear if adjoining buildings 
were subsequently built to the same depth. 

The Municipal Building in New York City has its tower and south section founded on pneumatic caissons 
which were carried 112 ft. below the water level or 143 ft. below the street level to bed rock. After the contract 
was let, borings disclosed the fact that rock under the north end of the site was at very much greater depths and 
therefore unattainable by imeumatio eaissons; so it was decided to sink caissons through from 40 to 50 ft. of sand, 
where they would safely carry 10 tons The tower and south wing of the building were founded on bed rock at the 
depths stated above. Danger of slight settlement of the north end of the buildings, w’^hich would cause slight cracks, 
was easily taken care of by concealed joints in the masonry between the two sections 

Sand makes an excellent foundation provided the water level remains the same, and as long as the sand cannot 
escape into adjoining excavations. This contingency is a very vital one, for many sands which have various 
amounts of clay mixed with them, will flow almost as freely as water. The sand under the Municipal Building is 
very coarse and water flowrs through it very freely, and it w’as found impossible to low'cr the water level by pumping 

A 14Hitory building founded on quicksand was nearing completion w'hen the pneumatic (‘aisson foundations 
on the adjoining lot caused the north end of the 14-6tory building to settle 4 in., while the south end remained 
where it was. The floors were all leveled up and the subsequent tenants never knew the difference. 

86. Electrolysis and Rust.—Electrolysis is one of the most serious dangers to foundations 
of modern steel buildings to be guarded against. The trouble occurs where the electric current 
enters or leaves the building or where dissimilar metals in the presence of water form an electric 
current. An example of this was shown on the removal of some old brick piers with long 
anchor bolts. Electrolysis had corroded these bolts and in doing so had cracked the brick piers 
as if by an explosion. 

It might be stated that in many large cities there is considerable elc*ctric current in the 
ground, having escaped from trolleys, subways, and elevated railroads, especially the latter in 
old days before the return current was taken care of. The result is that there is alwaysm chance 
of the current escaping from or entering the buildings, especially wh(‘n the foundations are under 
water. 

The simplest manner of taking care of this is to have wires attached to each column and 
‘^grounded where no harm can be done, and making sure that the ground water can not reach 
the columns or their bases. This precaution against electrolysis has unfortunately seldom been 
taken. 

Ttie writer iia« seen steel girders under buildings from 12 to 25 stories high, in very bad condition from riisUng. 
The most inexcusable case was where 24-in I-beams and 4-ft. plate girders carrying a high building were buried in 
the earth without any concrete around them. Needless to say, there was no paint left on the steel, and the rusting 
was making rapid progrem when discovered, which was just in time to save the building by embedding the beams 
and girders in concrete. 

When wrecking the iT-story Gillender Building, on the corner of Wall and Nassau Streets, 14 yr. after its 
erection, it was noticed that wherever the concrete was in direct contact with the steel no rusting had commenced, 
but that wherever there was the slightest space between the steel and concrete, rusting had started and in soine 
places made rapid progress. This applied to the steel columns, girders, and foundations. Base plates and shim 
plates showed much rust. The columns rested on heavy plate girders which had been painted, covered with tar 
and embedded in concrete. These girders showed not the slightest sign of rust. Underneath the girders were 
124n. I-beams which had been painted and buried in concrete and were also in perfect state of preservation. 

Under the adjoining buildings were some 14-in. diameter underpinning cylinders or pipes which had been 
driven to hardpan and filled with concrete. These steel pipes had of course nothing on the outside of them—*not 
even paint-—but were entirely under the water line, in the sand, and were found to be in a perfect state of preserva¬ 
tion. This would seem to indicate that New York quicksand will preserve steel from rusting if it is not disturbed, 
mixed up with chemical impurities, or subject to electric currents. It might be remarked here that the concrete 
only extended to within about 2 ft. of the bottom of the 14-in. underpinning pipes or cylinders which had been 
jacked down under the buildings, and that the writer has never teen a case yet where it was possible to get all the 
sand out of the |»pes. In some cases, more or less gravel remained in the pipes. This means that the foundation 
of the pipes has all the bearing on the eteri shell, and that if the friction on the shdll is reduced, the pipe will out 
into the hardpan or sand and cause some settlement. This has happened a number of times. 

Foundttioiis Partly on Rock. —Sotnetinacs it in necessary but never desirable to have 
part of the on bed rock and part on sand, clay, or mud, 'Whenever this Is the 

ease, the buildifa i^uld be so de«igiie<l that settlement in the softer material will not crack 
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walls, plaster, paper, etc. lii many casos the bulk of the settlement will occur during construc¬ 
tion, and the balance can be taken up by the blind joints in the walls, etc. 

If the building is to be subject to vibration from machinery, etc., serious trouble will result, unless separate 
foundations either entirely on or entirely off the rock can be secured for the machinery. Some years ago a building 
was erected facing an elevated railroad, with the front of the building on sand and the rear on ledge. The owner 
sued the elevated for damage to his building. It is doubtful if he could have recovered damage even if his house 
had been built first instead of after the railroad, as was the case. 

38. Teredo.—Any structure with a foundation resting on wood in salt water must be pro¬ 
tected from the teredo and limnoria. Both of these borers have cut off piles 45 ft. under water, 
in Fall River, Maas., although the piles were only 150 ft. from a small sewer. Two years after 
erection, these piles had been completely eaten through allowing the bridge pier to drop 2 ft. 
over night. It will be noted that these animals started work 45 ft. below the water although 
they are only supposed to start betweem high and low tide. At present, the harbors of such 
cities as New York and Philadelphia are too polluted with sewage to permit teredo or limnoria U> 
live, but some day the sewage will be diverted and used as fertilizer, and then the damage will 
begin. The teredo and limnoria are found in many places on Long Island Sound as well as on 
the coast. Recently isolated teredo have been found in the polluted waters of New York 
harbor, and some day they may even thrive there. Marine borers have already been found 
which can penetrate concrete, on both the Atlantic and the Pacific coasts. 

39. Eccentric Loading.—When heavy walls have been built on the property lines it has been 
the custom to spread the base on the inside of the building only, thus having a much greater 
load on the outside of the base than on the inside. The only defense for such design is that it 
has been much used. It would be very much better to carry the foundation deeper and use 
high unit loads, or to use piles or cais.son.s. 

One disadvantage of eecentrio loading of this kind developed when it was necessary to underpin with 3-ffc. 
diameter eyhndera, old walls having a base of 10 to 12 ft. in width. The cylinders were, of C/Ourse, placed directly 
under the wall or the outside of the base, leaving 7 to 9 ft of the base overhanging the underpinning cylinders, 
.\nother disadvantage is that these eccentric bases take up an enormous amount of collar room. It would often 
be cheaper to get deeper and better foundations even without allowing anything for the rental value of the space 
sjivcd or lost. 

40. Cantilever Construction.—Eccentric or wide footings with the walls carried on one side 
making the pressure so much greater on the outside of the footing than on the inside, are obvi¬ 
ously incorrect in principle and unsafe on soft grounds. A much better arrangement is a system 
of cantilevers. • This simply means placing a cantilever from the outer column base to one of the 
interior bases so that the cantilever girders or beams will have a bearing on the center of both 
bases, be they spread footings, cofferdams filled with concrete, caissons, or piles. 

The cantilever will thus support the outer column with a short leverage arm, usually not 
over a few feet, and as the inner arm of the cantilever will be held down by the interior column, 
the anchor arm leverage is generally from 5 to 10 times the overhanding leverage, so the plan 
is simple and safe as long as the girders or beams are protected from rust and electrolysis. 

On soft ground, exactnsss is reqxiired in this design, but in some cases whore the concrete caissons form a 
continuous wall around tbs lot, and are carried to bed rock or good hardpan, the cantilever girders might be con¬ 
siderably cut down on the assumption (1) that the concrete caisson would distribute much of the weight over the 
base many feet below the column; and (2) that the strength of the concrete caisson is really so much greater than 
assumed, that it would safely carry the load without overturning or crushing. 

When the foundation rests on clay or sand, it is often customary to use combined footings 
(see Art. 60). 

41 . Bearing Presstirei Gross and Net— When the foundations are comparatively near the 
surface of the ground, the total or gross pressure only need be considered; but in some cases of 
very expensive foundations, it is customary to allow for the surrounding earth, or water, or 
earth and water pressure combined, to deduct this from the gross pressure, and call the result 
the net pressure. For instance, if the e|»avarion has been carried to a considerable depth, the 
probibiUtiea ate that the material founded on would not be compressed and could not be 
equ^eaed <nit withemt liftltlg the surrounding material. If the depth were 100 ft. and, the mate* 
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rial water, the amount to be deducted would be 6200 lb., or say, 3 tons per sq. ft. If in earth 
and water, the amounts to be deducted might be 50% more than Uus. 

Some cooflider deducting for the friction of the earth on the side of the pier but this is too uncertain an Item 
to be relied upon, and excavation on adjoining property might reduce this friction to almost nothing. Friction 
on the sides of caissons has been accurately calculated and varied on one job from 30 to 030 lb. per sq. ft. of surface. 

42. Wooden Pile Foundations.—Wooden piles have, up to this date, been used much more 
than other kinds of piles, and vary all the way from a 3-ft. block to a 90-ft. pole. In some cases, 
a hole is dug 2 or 3 ft. deep and a pile is placed in the hole with its big end down. But it seems 
foolish, in such a case, not to enlarge the hole so that a mud sill can be put under the pile, which 
is, in this case, really a post. Failure to use such mud sills has resulted in a bad collapse in 
many places. 

Probably the shortest driven piles, for an important building, were those under the Campanile in Italy. These 
were only about 3 ft long and were u^ied to compress the soil As subsequently proved, longer piles there would 
have broken through into the water-beanng soil and caused much damage 

42a. Frictional Resistance.—Wooden piles generally depend on the frictional 
resistance of the ground smee a pile would not have very much strength as a long column, even 
if resting on rock. Piles are simply long straight trees dnven, of course, with the small end 
down and the small end is often not more than 4 or 6 in. in diameter. 

The frictional resistance of a pile varies very greatly according to the material driven 
through and the quahty of the timber itself. The only safe proceeding in a strange locality is 
to drive a few piles and put a test load on them. 

If water is withdrawn from piles, the frictional resistance is apt to be destroyed. 

425. Safe Load.—The Building Laws of most cities specify that the maximum 
load allowed on a wooden pile shall be 20 tons (New York City and others) while a few allow 
25 tons or even a little more. 



•bowing roeult ol too much driving. 



Fig. 32.—Filet, ebowing result of too tnueb driving. 


AS books on pile driving give a drop hammer test for ascertaining the safe load to allov on 
piles, and the favorite formulas are those of Wellington, fonner Editoivin-Chief of the Bng. 
Afeios. They are: 

Bbr a pile driven with a drop hammer, P ^ ^ ^ 

2WA 

tbr a pile driven with a steam hammer. P » 

' a + 0.1 

lairldehFiE the safe load in pounds, W the weight of hammer in pounds, A the fall of hammer in 

Md a the penetration or sinking in inches under the last blowj on sound wood. 

1 ^ 
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penetfmtion of a pilo hai boon miffident, be has been told bjr lome youngr well meaning inepeotor wbo ie mairing 
use of one of the above formulae, that he muet keep on driving, when all of a eudden, a few blows of a hammer 
sends the pile down anywhere from 3 to 8 ft. Then the inspector joyfully exclaims, There, you were on a thin 
shell which you have broken through; now keep on driving until you reach a hard bottom.*' But what has really 
happened is that the pile has been broken, split, or bushed, often in such a way as to make it absolutely useless as a 
pile (see Figs. 31 and 32). Some piles which were so butchered in Back Bay, Boston, and afterwards removed 
and photographed looked more like a lot of hemp than pieces of timber. 

The Eng, News, Jan. 14, 1909, has an illustrated article of some piles m Columbus, Ohio, which were after¬ 
ward removed showing that 38 % of the piles (oak) had been destroyed by the driving-some telescoped, some 
split, some broken, and some b\isbed, while many had no bearing value left. 

The proper place for piles is in soft ground, sand or clay, for in hard ground or gravel, etc., a spread footing of 
concrete would probably be better. When used in soft ground, the pile should be driven until the frictional re¬ 
sistance is sufficient to bold, say 20 tons, or until a harder strata has been reached. The depth of the harder strata 
should be determined by borings and tests. 

If the borings indicate a great depth of silt or other soft material, then a cluster of four or more piles should be 
driven, capped, allowed to stand for a week or so, and then tested. For instance, at Perth Amboy, 90-ft. piles 
were driven (the steam hammer followed the pile 30 ft. under water) in 6 min., without reaching any harder ma¬ 
terial. Then a test load of 160 tons was placed on four of these piles (40 tons on each) which had been properly 
capped, but no settlement occurred. 

In oases where hardpan or other impenetrable strata exists within driving distance, a water-jet pipe should be 
put down for each pile, so that the length to be driven will be known before starting. 

42c. Spacing of Piles.—The best spacing for wooden piles under buildings is 
3 ft., center to center. This does not apply to bents for railroad trestles where the spacing is 
usually greater. To put piles much closer than this is to destroy the frictional resistance and 
sometimes to disturb the ground to such an extent that piles, previously driven, are forced up. 

Close spacing was adopted under the Park Row Building, New York, aith the result that it was found im¬ 
possible, with the hammer, etc., used, to drive the piles as far as expected and 10 or 15 ft. or more were cut off 
the top of many of the piles, which were none too long to start with. And, in addition, some groups of piles w^e 
noticeably out of plumb. 

In another case, the oamer and contractor were so sure that the piles under their building were driven to hard- 
iMUi that they were quite confident of the safety of their building, but the first caissons on the adjoining lot dis¬ 
closed the fact that the piles were not only not plumb, but were also not within 15 ft. of the hardpan. The owner 
of the old building paid many ibousands of dollars to have his structure underpinned safely. 

42d. Cutting off Piles.—Wood, when wholly under water, has remained per¬ 
fectly sound for centuries, but if wet and dry alternately, will soon be destroyed. Ckinsequently 
piles should be cut off so that they will always be under water. If wood caps are used, the caps 
also should be permanently under water. 

The difficulty is to ascertain the lowest probable elevation of water. For instance, in New York City in many 
places the ground water stands from 6 to 9 ft. above high tide. New excavations are apt to lower and have lowered 
this level, at least temporarily, even below the high tide level. (Since the above was written, the ground water 
level has been found to be 2 ft. below the high tide level.) In one case, the piles were driven in the bed of an 
old creek, stili running under ground, and a tunnel permanently lowered the water level 34 ft. A great many 
similar oases could be cited. 

42e. Capping Piles.—In early days, the ordinary cap for a pile was of wood or 
stone. Now, however, wherever concrete can be readily made, it is by far the best material for 
raping wood or concrete piles. It is stronger, does not rust out, and if necessary, can be 
strengthened by reinforcing with steel. It is also a protection against the teredo and limnoria. 

421/. Kind of Wood for Plles.*~The kind of wood used for piles will generally be 
determined by what is most easily obtained and by the cost. Pine, hemlock, spruce, and many 
soft woods make admirable piles. Cedar, hickory, oak, etc., are, of course, much tougher and 
more durabte, and therefore desirable when they can be obtained of proper lengths and at 
reasonabki cost. 

4|p. 8ixe of Plle8.^The mse of piles depends entirely on the character of ike 
stithetote, mnterild at htmd, etc. The most common requirement for building purposes is ipven 
by the New York Building Laws, which specify that the diameter at the point shall be not less 
§ in. mid at the butt 10 in. for piles not over 25 ft. tong, and 12-in. diameter at the butt 
.piles over this length.^' 
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42h. Water Jet— Id some soils, like New York quicksand, it is a great advan¬ 
tage to water jet the site of each pile and even to work a jet pipe (ordinary gas pipe through 
which water is forced under pressure) up and down as the pile is being driven. In such a soil, 
the driving is greatly facilitated, and the disturbance to the adjoining soil much reduced. 
While the pile is thus easily forced down, the material flows back and binds or sticks to the wood, 
increasing the frictional resistance enormously. In solids whore, on the contrary, the water 
jet would merely make a hole which would not fill itself up again, the jetting would not bo 
desirable, 

42t. Advantages of Wood Piles.—Wood for permanent piles should be used only 
where it will always be under water, in which condition it will practically last forever, and if 
properly designed and driven, will afford an absolutely safe foundation. But as wooden piles 
should and do depend mainly on the frictional resistance of the ground, any withdrawal of the 
ground water will not only cause the wood to rot, but would also remove the greater part of its 
sustaining capacity. 

One very important advantage wood has over steel or concrete for piles is “safety in num¬ 
bers **—^that is, as a wooden pile is sup|K)sed to carry only about 20 tons, which is the proper 
working limit, a number of piles are used for each support, so if one pile of tlie group is out of 
plumb, or broken, or bushed, the foundation will still be safe; whereas, if oidy two or three piles 
of the stronger materials are used, a defect in one or two of them would jeopardize the safety 
of the structure. 

Wooden piles, at present at least, in most places, are cheaper than concrete or steel piles, 
although concrete is usually cheaper than the same volume of wood. 

48. Concrete-pile Foundations.—Concrete piles may be divided roughly into two classes— 
“pre-cast” and “made in place”—and they may be reinforced or not, though pre-cast piles 
always should be and probably always are. 

The advantages of concrete piles are their great strength and durability. They are pmeti- 
cally free from danger of deterioration if wholly in the ground and cannot be attacked by the 
teredo or other borers. 

If used in harbors and extended above the low water lines, the chief trouble is weathering 
from frost, chemical action, etc. The trouble from chemical reaction increases as the climate 
becomes wanner—that is, in tropical climates. Freezing is much more apt to destroy piles 
which have less cement than one part cement to two parts of sand, which proportion is required 
to ensure the voids of the sand being filled with cement. 

One dbadvantage of these piles is the practice of allowing very much greater loads on concrete than on wood, 
thereby reducing the number of piles used. For instance, a good structural steel designer knows that two rivets do 
not make an ideal joint f<xe there always ought to be at least two bolts to hold the shapes together, while a rivet is 
bmng driven in the third hole. Himilarly, the writer does not consider that two piles will ev^ be a good design for 
column looting, for in this case, if one uile is out of plumb (and it is hard matter indeed to drive piles plumb or to 
detect a deHeotion), then a very unsafe condition may exist without being even suspected; whereas, with a lai|;c 
number of piles in the unit, if a few were out of plumb and in different directions, they would simply act as batter 
piles and strengthen the foundation unless, as unfortunatdy sometimes occurs, they all assume the same batter in 
the same direction. 

Another disadvantage of concrete and steel piles is that the smooth surfaces do not afford the same frictional 
resistanoes as wood, and more rehance is placed on their value as long or short columns, so they would have to be 
fairly long to obtain enough frictional resistance to develop the full strength of the reinforced concrete. 

To act as columns, piles should have a fair bearing on the bottom, and as they are usually made flat instead of 
pointedf this means that if a pile is driven to hardpan or gravel and boulders, etc., it would very likely strike a boul¬ 
der Oh one side. This might result in breaking off one or more corners of the pile, or in deflecting the pile iteelf, in 
widch ease, it might even break the pile, as has frequently happened with wooden piles. With only two or three 
piles under a column and one or two of them battered or resting partly on a boulder, the frictional resistance might 
be sufficient to hold the building until some adjoining excavation withdrew the water, thereby removing the adhe¬ 
sion of the soil to the pile with a resulting settlement of the building. These are not imaginary conditions but those 
that have been known to occur over and over again with wooden piles. 

. It might be noted here that boulders in New York bardpan are sometimes as much as 7 ft. thick so they 0014 I 4 
ndtbe displaeed by the driving of the pile or pipe. 

Pre-cast piles are reinforced with steel rods aad are of rich 
eotiorete and are i]m driven like wooden pile«. The New York Building; Laws stipulate that 
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“the pile shall be not less than 8 in. at the bottom and not average less than 12 in. in thickness; 
shall not contain more than 4% of steel reinforcement; that the length shall not exceed 20 times 
the average thickness, if driven to rock, nor 40 times if not driven to rock/' 

When driven to rock the allowable load shall not exceed 500 lb. per sq. in. of concrete per 
average cross section, and 6000 lb. per sq. in. on the steel longit\idinal reinforcement. When 
not driven to rock, the carrying capacity is to be determined by test.” 

The Now York Building Laws also require that if a pile is to be driven to rorki it shall have an iron shoo. If 
the iron shoo has a flat bottom 8 in. wide, then the probabilities arc* that only one point would bear on the rook, as 
b<Hi rook cannot bo assumed to be level. If, on the other hand, it has u pointed .'^hoe, there would be danger of the 
shoe hitting a rock or boulder and deflecting the pile. 

One of the advantages of a pre-cast concrete pile is that it can be made of uniformly varied cross section as 
recjuired. while a wooden pile cannot often be found so. 

In the navy supply warehouse in Brooklyn, which consists of vast reinforced concrete buildings resting on fine 
concrete piles, no borings were made to ascertain the nature of the subsoil before driving the piles, with the result 
that the buildings settled some 15 in., requiring the underpinning of the now reinforced concrete building. 

436. Piles Built in Place— Raymond Pile. —The Raymond pile i.s formed by 
driving a steel shell into the ground on a mandrel that can be collapsed and withdrawn. Then 
the hole is filled with concrete—^reinfor<*ed, or not, as desired. Thti permanent steel shell used 
outside of the mandrel has the great advantage of preventing any sand from flowing in as the 
mandrel is withdrawn. 

The. Simplex Pile, —The Simplex pile is made by driving down a closed steel pipe and with¬ 
drawing it wliile concrete is forced out at the bottom. 

Pedestal Piles, —Pedestal piles are supposed to have a spread footing obtained by driving 
tlie concrete out at the bottom of the sliaft, at the same time compressing the surrounding soil. 

Chem>wcih Pile, —A Chenoweth pile is made by spreading mortar over a wire mesh and then 
rolling the wet mass into the shape of a pile which, after setting, is placed in an ordinary pile 
driver. 

Brexichaud Pile. —The Breuchaud pile consists of driving an open steel pipe into the 
ground, washing out the same or blowing it out by air pressure, and then filling the pipe with 
concrete. If the steel is always under water, it will never rust out and the pipe can be filled 
with good concrete almost to the bottom. 

Compresol Pile. —A compresol pile is formed by making a hole in the ground with a pear 
shaped weight operated by a pile driver, and tamping concrete in the hole. 

44. Sand-pUe Foundations.—Sand piles are hardly to be recommended, as a more reliable 
foundation can nearly always be obtained. They simply consist of making holes in the ground 
by means of a wooden pile or some other method, and then ramming sand into the hole. The 
French probably originated this method and found it desirable before the days of good cheap 
Portland cement concrete. 

46. Excavating.—When making excavations for foundations above the water line, the 
amount of bracing required will depend entirely on the judgment of the man in charge. The 
older or more experienced men are apt to use the heavier bracing. 

In a rush job In Brooklyn, once the writer new a contractor dig holes 6 or 6 ft. square, some 12 to 15 ft. deep, 
almost plumb sides, without any timbering or shoring of any kind; but while it was in good stiff ground (clay, sand, 
and boulders) it wae taking a big risk for the slightest slide would have killed the men in the bottom of the shaft. 

In a few cases, it might pay to excavate to depths of, say 5 or 6 ft., by sloping the sides and then back filling 
instead of timbering. As a rule, however, if the ground is at all soft, it will pay to timber the sides. 

45a. Wooden Sheet-piling.— The old method was to set 1 or 2-in. planks, and 
as the men excavated, to drive these planks into the ground, holding them in place with rec¬ 
tangular bracing. These planks were usually 6 to 8 ft. long, and when they had been driven, 
a fresh set was started inside (about 6 or 8 in., according to the siae of the bracing timers) and 
so on down, the hole not only getting smaller and smaller as each tier of plank was driven, but 
also very often bring foreed out of line. This was generally a haphaaard method and often it 
ivas not known how far the excavation was to be carried when it started 
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Nowadays^ the beat practice is to ascertain, by borings, etc., just how far the sheetkjg is 
to be driven and then driving it in one length, properly braced. The thickness of this sheeting 
will depend entirely on the nature of the ground and the depth required. For holes up to 10 
ft., from 2 to 3-in. plank will usually be sufficient; with from 6 to 8-in. plank, up to about 20 ft. 

In the Harlem River tunnel, three 12 X 12-in. timbers were bolted together with a tongue on one of the outside 
timbers made of a 3 X 4-in. timber and a corresponding groove on the other outside 12 X 12 made of two 3 X 4-in. 
timbers; each pile being 12 X 3b in. by about 40 ft long. On account of the bolting, the pile driver was able to 
force 3 ft. of horisontal sheet piling down at a time. These were driven about 40 ft. under the water and, after 
the roof of the tunnel had been sunk on two lines of this sheeting, compressed air was used to enable the excavation 
to be completed. This pihng is known as the Wakefield sheet-piling and is nothing more than a built-up tongue 
and groove shcteting. The original Wakefield sheeting consisted of bolting three planks together in such a way that 
the center plank formed a tongue at one side and the other two a groove. 

In some cases, 12 X 12-in. sheeting driven for a 30-ft. excavation, and heavily braced every 8 ft. horisontally 
and from 3 ft. (at the bottom) to 5 ft. (at the top) vertically, have been badly distorted, sometimes being shoved in 
2 or 3 ft., the bracing timbers cutting into each other. 

Generally, where the worst damage occurs, the excavated material is more or less plastic and is dumped right 
outside of the cofferdam. Every bucket of soft material dumped seems to act like a hydraulic ram with accumula¬ 
tive action, until no amount of bracing will stand the strain. It always pays to have a reasonable excess strength 
in the sheeting and In'acing, and to avoid dumping too much of the excavated material outside of the cofferdam. 

The writer has recently examined some wooden sheeting which he drove 32 years ago, on Broad Htreet, New 
York, now exposed by the subway construction. It is in excellent condition except for the 3 ft. which has been 
rotted away due to the lowering of the water level 10 ft. 

466. Steel Sheet-piling.—In recent years, many different kinds of interlocking 
steel sheet-piling have been used successfully. This kind of sheeting was first tried out in 
Chicago by Friestedt, Jackson, and others. It works to its best advantage in soft material, 
clay, sand, etc., where it can be assisted by the water jet, if necessary. 

Steel sheeting is not adapted to hard ground containing boulders, etc., unless the excavation 
can precede the driving. In Brooklyn, some very heavy steel sheeting was driven for a dry dock 
and, after a failure, was abandoned and the work completed by pneumatic caissons. The steel 
sheet-piling, when removed by the caisson work, was found to have been twisted and rolled up 
until it would have been harci to guess the original shape. 

Sometimes, sheet-piling is driven in double lines as much as 25 ft. apart, and the space between filled with sand, 
clay, etc., to make a water-tight cofferdam. In this case, the piling is driven in a scriee of half circlet tied together, 
giving m strength that could never be obtained by parallel lines. This plan was adopted by General Black for rais¬ 
ing the Maine; then used by his son for the dam in the Hudson River near Troy. It was also used for the big docks 
in New York City at 46th St. and Harlem River. These cases have been illustrated in the Eng. Newt. 

46c. Concrete Sheet-piling.—There are very many designs and patents for 
concrete sheet-piling, some fearfully and wonderfully made—varying from plain **tongue-and- 
gtoove” sections with ordinary reinforcing to the most complicated interlocking devices. The 
best, as always, is the simplest of design. 

The special requirements of the location should control. If the driving is easy, more 
ccmcrete and less steel can be used; where hard driving is anticipated, the reverse would be tbe 
case. Some prefer to drive a shell first and pour the concrete, instead of precasting in forms, 
but the writer considers the precast piles to be much more reliable. 

The advantages of reinforced concrete sheeting over wood, below water, is freedom from 
the teredo and limnaria and, above water, permanently or alternatively, is the lack of rot, 
although concrete exposed to the air suffers more or less disintegration. If a good rich oonorete 
is Used, the reinforcement of the concrete would not be subject to destruction from rust; while 
rust is not expected below the permanent water line, electrolysis might occur at any depth in 
steel or rsinloroed concrete. Concrete sheeting, in most places in this country, would cost more 
fhan wood and would probably be used only where it is to be left in place permanently. 

Where the sheeting is to be withdrawn, steel sections would be more economical thap woqd 
or mierele. Where the driving is not too difiScult and the sheeting is to be left in place, wood 
hr probably still the cheapest. 

Ihl all imsep, the d^httu^t the sheering is to be drived stmuld be deteitnined in advance hy 
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45d* PoUng Board Mothod. —In Chicago many shafts have been sunk by the 
vertical poling board method—that is, inserting the lining, timber or steel, as the shaft is 
excavated. This is like constructing a tunnel vertically, and has been carried as deep as 100 ft. 

45e. Cofferdams.—Cofferdams are generally constructed by driving steel or 
wooden sheeting in advance of the excavation, or simultaneously with it, and inserting sufficient 
bracing to keep the sheeting in place. The amount of this bracing is often seriously underesti¬ 
mated, with the result that the sides are bulged in from 2 to 5 ft., and much trouble follows. 
Open cofferdams are rarely used where the water is over 30 ft. deep, as pneumatic caissons 
vould generally be more economical. 

A common construction is to have double walls and pack mixtures of clay, gravel, etc., 
between the walls. But when a leak starts under these walls it is very hard to stop. Where 
the current is not too strong, much earth has been dumped outside the cofferdams in an endeavor 
to stop the flow of water. 

open oofferdame wore tried in 19 ft. of water where there was practically no earth or mud on top of the rock, 
but were abandoned for pneumatic caiseone which proved to be cheaper and quickt r. In other places where the 
cofferdams could not be made water-tight, 6 ft of concrete was dumpiKl under water, and after the concrete had set 
for a couple of weeks, the cofferdams were pumped out, and the rest of the work was done in the dry. Unfortu¬ 
nately, in many cases such concrete seems to set hard except around the edges, where it is really needed, and the 
cofferdams still leak. 

45/. Pneumatic Caissons.—Caisson comes from the French word ^^caisse,’^ a 
lx)x, and in foundation work a pneumatic caisson has four sides (or it may be circular) and a 
roof, but no bottom. The roof has one or more holes for shafts, usually about 3 ft. in diameter, 
for the passage of men or material from the outer air into the working chamber. An air lock 
prevents the air pressure in the working chamber from being seriously reduced while men or 
material are passing in or out. 

The air pressure in the working chamber is kept just high enough to balance the water 
pressure. If the air pressure is too high, it blows out and allows the water, sand, etc., to rush in, 
while if the air pressure is too low, the water rushes in, drowns the men, and probably fills the 
working chamber with mud, etc. A cubic foot of water weighs about 62.5 lb., giving a pressure 
on its base of 0.434 lb. per sq. in. If the water is 10 ft. deep, the air pressure required wiD be 
4.34 lb. per sq. in. If 100 ft. deep, it will be 43.3. lb. per sq. in., which is nearly the limit of 
human endurance. 

For the Municipal Building of New York City, the maximum pressure actually worked in was 49 to fiO lb., at 
a deoth of 112 ft. l*>ench experiments have raised the pressure in a specially constructed glass cage to 75 lb. per 
sq. in., keeping the men who did no work under close personal observation. 

The first very large caissons built in this country were of massive wooden construction having wooden decks 
10 ft. thick. Subsequent designers even used oak decks (roofs of caisson) 10 or 12 ft. or more in thickness. Later 
wooden caissons have been built with decks 3 ft. thick and finally only 1 ft. Complete designs for the wooden 
caisson used for the extension of the Manhattan Life Building were given in the Trans. Can. Soc. C. E. vol. XXIII, 
1909,"pp- 820-341. 

The first high building to be founded on pneumatic caissons was the Manhattan Life Building, New York City, 
1S93. The oaiasons were built of steel plates and shapes of a massive construction about 9 ft. high (published in 
the Jffng. See.), The deck was 7 ft. high and carried the brick piers which were built around the working shafts as 
the caisson sunk. It was found, howevw, that the friction of the earth on the sides of this brick masonry was so 
great that the joints were forced open, so the next advance was to build cofferdams of steel from the oidssona up, 
and to fill the space with concrete. 

Steel caissons, round and rectangular, have been much used, one of the principal buildings being the Mutual 
life, deeoribed in the ih»g. JVsws., pp. 221-227, March 28, 1901. The great cost of the steel work has nearly eliml- 
Uated steel fisiinuTTwi. design^s first back to the wood, then to reinforced concrete, and sometimes back to 

wood again. 

As eoiisfete oosi l^ es wood, many caissons have been built without any wood in the permanent oonstrucK 
tiCn, steel rode for reiiifareing. At flrat it was thought that Uie concrete would not hold air, but on the con* 
traiy it has been found chat the concrete does hold air much better than the wooden caissons and does not require 
the expendve eaulhing irf joinie nor ie a eonorete oaisaon subject to fire. A fire in a wooden caieson, many feet 
under wnter# was always one of the hardeat things to extinguish, the compressed air simply feeding it. Even fiood- 
ing tlih triNTlting chamlbar with water aotneUmee failed to extinguish the fire. . , ^ 

WlMfeii ftdltfhwsad eonorete inilisnni mn be built from the cutting edge to tne top (up to 85 ft. in hwgnt ao far) 
bslare dnltliig esnunencwa tlMgr are the most eomiomieal; but if the work has to be done by successive ’’buOd 



306 


HANDBOOK OF BUILDING CONSTRUCTION 


[Sec. 3-45/ 


upe’* where the first section is built, pig iron or other weights added for sinking, then the sinking stopped while 
the pig iron is removed, a second section of concrete added to the first, requiring more pig iron for sinking, and this 
operation repeated several times, it will be found that the omission of all wood would bo very expensive. A very 
much cheaper and quicker job could be obtained by having a light cofferdam of, say. 2>in planks from the caisson up 
so that the penetration of the caisson would not have to stop after once starting until a firm bottom is reached 
The cofferdam method, therefore, saves rehandling much material; saves pumping compressed air while build* 
ing up the different sections; and requires much less weight in pig iron or cast-iron blocks to overcome the friction 
caused by the material settling around and binding the caisson during the long waits, which waits have amounted to 
from 2 to 60 days 


Designs .—The design of a pneumatic caisson is almost entirely a matter of experience and 
good judgment, for while theoretically, when a caisson is being sunk, the air pressure in the 

working chamber is high enough to bal¬ 
ance the water pressure on the outside 
—which leads some to think that ther<» 
is practically no pressure on the 
chamber walls—^it is known that the 
air pressure is frequently lowered to 
normal, purposely or acoidimtally, in 
which event the water pressure from 
the full head would tend to collapse 
the caisson before the water flows 
into the working chamber. 

This is a condition that is sure to 
occur, and if the caisson is truly 
vertical, which it almost never is, and 
in uniform material, such as sand, the 
maximum stress might be obtained; 
but it is known from experience that 
it is very far from being the maximum. 
It is a common occurrence for boulders, 
haril masses of clay, etc., to he 
encountered on one side of the caisson 
or the other with the result that the 
caisson is thrown out of plumb, the 
effect being like the hogging of a 
ship.^^ In one case at least tliis was 
sufficient to break the walls of the 
working chamber away from the deck 
when the cutting edge was still 20 ft. 
above hardpan. It was then fouiid 
necessary to continue the excavation 
like a vertical shaft, putting in timber 
lining all the way down and leaving the cutting edge where it was. The steel caissons of the 
Commercial Cable Building, 1806-7, had steel side plates with heavy angle-iron supports 
every 3Kin the walls of the working chambers. These plates buckled inward about 2 to 3 in. 










Fio. 33.—Sinking pneumatic caisson. 


In caissons of from 20 to 30 ft. horisontal lengths, it is good practice to put in two cross struts about a foot or 
so above the cutting edge. For caissons up to 10 ft. in width, these struts should be the equivalent of a 12 X 12 
timber with a l-in square or round steel tie rod. In wide caissons, these struts have been made to set as trusses 
with the roof or deck. While it is of the utmost importance to prevent a possible collapse of the side walls, it must 
also be remembered that every strut put in the working chamb^ greatly adds to the cost of the sxoavation, inUsr- 
fjfibg with the handling of the bueket, making digging mors dtfileult. and frequently snaking it necessary to shovel 
the material twice or more to put it into the bueket. 

A eheular caisson carried to hardpan in lower New Tork, with concrete 4 ft. above the cutting edge in the 
werklng Camber, was lifted by the water pressure and had po be removed, at a considerable loss. 

a largi^ectatiffiilar eaisson resting on rook, at a depth ol If ft. of water in the Susquehanna Hiver, with 
the f It. irerkiiig ^ambeir filled with concrete and also oonorete above the deck, wee lifted bv an unusually high 
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tide and had to be towed away and destroyed. In that case, if there had been 1 ft. more concrete on the deck, the 
mass would have been heavier than the water displaced. 


CvUing Edges ,—More money hajs been wasted on elaborate cutting edges than on any other 
part of the caisson. Theoreticallj^ the cutting edge should be a knife edge, penetrating the 
material easily and permitting the pick and shovel to get directly up to the outside of the cutting 
edge. This effort has resulted in many cutting edges being designed of steel plates (vertical) 
stiffened by angles, etc. The only place that such a cutting edge will work is in soft ground 
where it is hardly needed, and when it is really needed, that is, in hard ground where the pick or 
crowbar is used, it will not answer because the weight of the caisson alx)vc is sure to buckle it so 
badly that it will have to be removed. 

These plate and angle cutting 
edges are not onl^'^ useless but also 
very expensive, and it is better to use 
a C or 8-in. channel iron laid flat with 
the flanges turned up. This works 
well for either wood or concrete 
caissons. 

A 6-in. an^le iron with one leg horizontul 
and the other leg vertical and above the hori¬ 
zontal leg, the horizontal leg being firmly 
attached to the wood or concrete above by 
^ 4 -in round bolts every 3 ft., also makes a 
good cutting edge. 

In most places, a 6- or 8-in. oak or pine 
timber ^ill bo perfectly satisfactory, though 
the steel angle or channel works out a little 
better with concrete caissons. 

The four corners of the cutting edges 
should be strongly braced to avoid danger of 
the caisson's being twisted out of its rec¬ 
tangular shape. 

Many caissons—especially when of wood 
or steel—have their surfaces badly warped, 
uhich makes the sinking much more difficult, 
increasing enormously the frictional resistance 
to be overcome, 

8t^ Caissons ,—For rectangular « n i * u j i 

, . «, . ., , Fio, 34.—Pneumatic caisson sunk to bed rock, 

steel caissons, side plates 

should be used with stiffener brack¬ 
ets made up of four angles 3 X H vertical pair being riveted to the side 

plates and the other inclined pair resting on a 6 X 6 X ^i-in. shelf angle wliich is riveted 
to the side plates all around, the horizontal flange of the 6 X 6 X ?i-in. angle being 12 in. 
above the cutting edge, the vertical leg of this angle being below the horizontal leg. The top 
of the inclined angles of the brackets are riveted to the deck about 2 ft. or more from the side 
walls. These brackets should be spaced about 4 to 5 ft. centers depending on the depth to be 
sunk, material, etc. 

For the circular steel caisson, the shell should be from to in. thick, unless the depth 
is very great and in bad soil. These caissons should also have a bottom shelf angle from 3 X 

X in. to 6 X 6 X in., according to the diameter of the caisson. No brackets are 
needed for a circular caisson up to say 16 ft. in diameter, but a B}4 X B}4 X H-in, ring angle 
should be riveted to the side plates half way between the bottom shelf angle and the deck. 
There should also be a 12 X H-in, steel plate riveted to the bottom of the side plate all around. 

The Huts of thu aide pletee idiould be **butt jointe*' with splice plates. All rivet heads on the outside of the 
eeissop shbidd be eoiiii)itenHitik;i The steel eeissone should be fsiulked from the inside against air pressure, and froth 

atili Is unite a dUhottlt thing to get properly dope. 
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The deck cr roof should be of H4xl steel plates with sufBeient I-beams te support the weicbt of the concrete 
while it 18 setting unless this weight is carried by temporary bracing in the working chamber as in the case of a con¬ 
crete caisson. 

The cofferdam for a steel caisson depends entirely on the sise of the caisson and especially whether or not the 
concrete inside of the cofferdam is kept as high as the water around the caisson. For caissons in cities* the concrete 
IB generally above the ground line and even then much extra weight in the shape of iron blocks or pig iron are re¬ 
quired to overcome the friction. Large river caissons, on the other hand, are often so heavy in comparison with 
the frictional resistance of the ground that the top of the concrete on the deck in the cofferdam is often 20 or 30 ft. 
bdiow the water around the caisson, in which case the cofferdam must have very ample bracing. 

One advantage of a steel caisson is that it gives more room in the working chamber of small caissons and makes 
it easier for the men to work under the cutting edge—but it would often be cheaper to use larger caissons of either 
wood or concrete. 

Wooden and steel caissons generally have a flat deck or roof, 6 ft. above the cutting edge. 

Caissons of Wood ,—If small, wood caissons can be made of vertical tongued-and-grooved 
plank, say 4 in. thick, properly braced, as in the extension for the Manhattan Life Building 
referred to in the first part of this article. For larger caissons—^that is, of over 15 ft, in width 
and of any length—the writer’s practice has been to use a solid wall of 12 X 12-ui. timbers, laid 
flat, with another solid wall of 12 X 12-in. posts, inside of the horizontal 12 X 12-in. timbers, 
with an outside sheeting of 2 or 3-in. plank always placed vertically to reduce the frictional 
resistance. The horizontal 12 X 12-in. timbers usually extend some 14 ft. above the cutting 
edge. Above this height, the number of the 12 X 12-in. posts decreases, until near the top, 
there would be only one post every 12 or 15 ft. to support the waling pieces for the cofferdam 
plank. The cofferdam planking, 2 or 3 in. thick, should also be placed vertically, with the 
joints caulked with oakum. 

For ft long time, timber caissons bad decks and roofs of solid timber 10 to 12 ft. thick, thoroughly bolted, and 
drift bolted together. The writer has built many up to 30 ft. in width with a deck of 3 ft. thick, the top and bot¬ 
tom courses running across the caisson and the middle course running longitudinally. Under the deck a 2-in. plank 
course was used for caulking purposes. Above the deck, substantial trusses have been used about 20 ft apart 

In the working chamber of large caissons, it is customary to place 12 X 12-in. knee braces every 5 ft. from the 
cutting edges to the deck. * 

All joints in wooden caissons have to be thoroughly caulked from the inside against air pressure and from the 
outiMe to prevent the water getting in. Oakum is the most common material for this purpose. 

Concrete Caissons ,—Concrete is much the cheapest material for caisson construction. It 
is economical, however, to use a certain amount of wood or steel as the occasion requires. 

The sides should always be vertical no matter what material is used. Beginners generally 
have an idea that if the sides of the caisson are battered so that the bottom horizontal area will 
be larger than the top that the friction of the soil on the side walls will be reduced. Experience 
has proved that in soft ground this results in the material rolling in against the caisson, thereby 
binding it the tighter. In one case it took 1200 tons extra pig iron to break the friction. In 
another case when an open caisson was being dredged through hard clay, the opposite result was 
experienced, for there the clay held its position, and the caisson wabbled so much that fears 
were entertained for its safety. The space between the cylinder and the clay was backfilled 
and allowed to stand for many months before the process of sinking was resumed. 

The eutting edge (for the reason above given) should never extend more than H or in. beyond the sides of 
the caisson. A 6 X S-in. angle or d-in. channel makes the best cutting edges, as already noted. 

The side walls, ytftioal on the outside, should have a batter on the inside from the eutting edge to the roof ol 
about 3 in. korbontal to 1 ft. vertical, though in wide caissons the horisontal distance can be considerably increased. 

The under side of deck or roof should slope from the sides up to the working shaft, for facility in filling the 
«rorking ohamber with concrete. 

Steel rods thould run from the outemg edge to the top of the concrete to prevent (1) the side waUs d the 
working idiaiifiber from buckling in and (2) the friction on the sidee of the caissons from opening cracks In the eon* 
crate. These rods should be about N or ^ in. square and 4 in. center to center fora distanoe of 10 or 12 ft. above 
the eutthW fidgCf and 12 in. oenter to center above that hciglit. flisniiar rods should run from tee cutting edis, on 
tee ineide of tite working chembsr wall, up to the deck and extend leveral feet above tee deck into the eonomde* 
Thera teoiild also be horisontal reinfordng rods about tee same dse and distance apart ae the vertieal rods. 

The number ol rods required in the deck would of course depend on ike span, ote., but In meet eeeea 
aqsipwe rode 4 in. oenter to oenter in eate direetion woidd be mmee then ample* 

jllter teeww* al IwMrt two. <we lor 



STRUCTURAL DATA 


$ 60 * 9 ~* 45 ||'] 


m 


six Of more. The cost of the shaft is balanced against the extra cost of liandiing the material 
in the working chamber if fewer shafts are used. 

Formerly the shafts were made of steel but now steel shafts are used only at the top and timber or metal 
eoUapsible forms are used to make the shafts in the concrete. The concrete shafts should have a recess about 6 in. 
deep and 1 ft. wide in which round rods are inserted to form a ladder. 

In small caissons it is very necessary to have vertical and horizontal reinforcin* rods around these shafts to 
prevent the concrete between the shaft and the outside of the caisson from opening up serious cracks. 

Sealing the Caisson .—When the caisson has reached its final resting place cither on rock, 
hardpan, or in a few places on sand or clay, it is necessary to fill the working chamber with 
concrete. The old method was to deposit the concrete by hand until is was about 4 ft. below 
the deck and then by means of timber forms to bench the concrete all around \mtil only a 
working space under the shaft was left and also a space of 3 or 4 in. under the deck. This space 
was packed with very dry mortar and rammed into place using a hammer on a small plank. 
This method was expensive and never satisfactory, one trouble being that the benching required 
a dry concrete which is exceptionally undesirable in compressed air work and another trouble 
was the diflSculty of getting the tedious work of ramming properly done. 

The writer some 10 yr. ago abandoned the old method for the following which he has used ever since: The work¬ 
ing chambers are filled with wet oonorete to within 1 ft. or better. 2 ft., from the deck, under air pressure of course, 
and then the compressed air is kept on for 48 hr., after which the air is taken off and the rest of the space under the 
deck and the shafts themselves is rapidly filled with wet concrete dumped from the top of the shaft. It is very im¬ 
portant to have the concrete under the deck mixed very wet. 

It is always necessary to have vent pipes as far from the shaft as possible so that no air can be trapped under 
the deck to cause voids in the concrete. When the work is properly done the grout will be found to have been forced 
up these vent pipes from the working chamber to from 15 to 25 ft. above the dock. As the working chamber is 
being filled it is very necessary to reduce the air pressure gradually. Neglect to do this has resulted in much con¬ 
crete being blown out under the cutting edge. 

Watertight Cellars .—A number of buildings have been constructed in New York with from 
3 to 4 floors below the water level. These are made water-tight by sinking pneumatic caissons 
aromid the lot, the caissons having a width of from 5 to 8 ft. and lengths up to 30 or 40 ft. and 
then by sealing the joints between the caissons. 

One method is to use a compressed air shaft some 3 ft. in diameter which is a more or less 
difficult matter. A better method as far as economy, safety, and good results are concerned, 
is to sink the caissons about 0 in. apart, holding the distance by having two 6 X 8-in. timber 
separators, preferably of oak, attached from the cutting edge to top of the first caisson sunk. 
The space between these separators, about 2 ft,, is stock-rammed. This is accomplished by. 
driving a heavy 4-in. pipe down to the level of the cutting edge; then pellets of clay are dropped^ 
into the pipe, and the clay is forced out at the bottom by an iron piston rod, just big enough to 
work easily inside of the pipe, the piston being operated by a pile driver. As the driving 
liecomes harder, the pipe is raised a foot or so, and the operation is continued until the entire 
pipe has been remov^, section by section, and the space well packed with clay. The clay has 
i)een thus rammed so hard that it resembles shoe leather. Care is required to see that the 
ramming is not overdone as the accumulative effect is very great—enough to shove the caisson 
bodily out of place. This has successfully held the water back for depths of 36 ft. and permitted 
the placing of concrete or brick work in the joints after the cellar has been dug. For further 
details, see the writer’s article in Railroad Age Gazette, Aug. 7-14, 1908. 

4Ag, Open Ciitsons. —Open caissons are constructed on the surface like pneuma¬ 
tic caissons and sunk into position, where they may be held down by weights if necessary. 

iHMt, Dredged Wells.— Where the depths are too great for pneumatic work, 
dredged wells are often used. There sometimes conrist of double steel cylinders with concrete 
hlKng the space between the inner and outer cylinder. Ordinary clam shell or orange peel 
buckets aie used ftw dredging the material through the inner cylinder. Reinforced concrete 
w often used^ having steel forms for temporary purposes only. 

Iths tkmptm rsstd « number ai thms lor tbs firin ft. ft. at tfmwbw* 

tkm wm e fl* Ssmsm end S ft. e k. iiwkls diamatar, andarara teak tbroufb 90 ft. of aaiid, fraval, ato. 
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46. Wooden Grillage Footings.—The use of wooden footings sh<)uld be restricted to 
temporary buildings on soil of low bearing value or to permanent construction where the footings 
are at all times submerged in water. When used to support a column, the load is first trans¬ 
mitted to a sill or longitudinal timber, which, in turn, transfers the load to transverse timl)er8 
which generally are placed on a layer of planking as a precaution against unequal settlement on 
poor soil. For temporary work, an extreme fiber stress of 1600 lb. per sq. in. and bearing across 
the grain of 500 lb. per sq. in. may be used. The nominal sizes of the limbers can be used in 
determining the section moduli, since the meml)ers need not be dressed when used in footings. 

Ulttstrative Problem.—Design a wooden grillage footing for a 10 X 10-in. ^'olumn carrying a load of 50,000 lb. 
Soil pressure to be considered at 2000 lb. per sq. ft. 

In determining the area of a timber footing, the weight of the footing may be neglected. 

50 000 

Area of footing required =» *• 25 sq. ft. 

Use a footing 5 X 5 ft. The sill under the column will therefore be 5 ft long 
. 50,000 

Bearing across the gram « *= 500 lb. per sq. in. Since this value is equal to the maximum allowable 

value, no bearing plate ts required. 





Fzo. 35. 


Considering the loads from the transverse timbers to be concentrated at points indicated in Fig. 35, anA assum¬ 
ing each timber to carry one-sixth of the load, then 

Jf - (8333 X 27) + (8333 X 16.2) + (8333 X 5.4) - (25,000 X 2.5) « ,342,500 in -lb. 

342 500 

Section modulus required ■» • » 214. 

2o0u 

Section modulus of a 10 X 12 timber « ^ » 240. 

6 


Use this timber for the sill, the 12-in. side being placed in a vertical position. 
Considering the cantilever transverse timbers as acting about the center of the sill. 




313,000 in.-lb. 


Section modulus required 


313,000 

1600 


196. 


The section modulus of six 6 X 6 timbers is 216. Use these timbers spaced as shown in Fig. 35. laid on top Ot 
3-4]i. laminated planking. 


47. Plain Concrete Footings. 

47tt. Light Wall Footings.—^Vnder waHa canrying amail loads, such as a beaiing 
wall in a resid^oe or a onenitoty biiok building, the footing genemliy eonsiata of a eantiloFer 
y hfeh pnejecta in two balancing diveotiona. A piojection of at hast 4 in. ff b o n td ba uaadi 
* jpitfes'ba a ledge on which the waB foima can eonveniently be placed* Hie 
te lie AppindiMi I and K 
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depth of the footing should be equal to twice this projection (Fig. 36). The load per square foot 
occurring at the bottom of the footing should be checked to make sure that the allowable pres¬ 
sure on the soil is not exceeded. 

476. Heavy Wall Footings.—^Under walls carrying a considerable load, such as a 
party wall in a six-story warehouse, a balanced cantilever footing similar to that for a light wail 
may be used. These footings are usually battered or stepped in order to save material. In a 
footing of this type, the projection of the top step beyond the face of the wall is generally taken 
as one-half the wall thickness. 

Illustrative Problem.—Design a plain concrete footing for a wall 20 in. tliick carrying a load of 24,000 lb. per 
lin. ft. Soil pressure to be considered at 4000 lb. per sq. ft. 

Load per linear foot of wall at top oi looting 24,000 lb. 

Assumed weight of footing p<T linear foot = 4,000 lb. 

Total load per linear foot = 28,000 lb 

OQ 

Width of footing * lb * 7 ft 

4000 

The footing, built monolithic, is stepped down as shown in Fig. '^7, the depth of any stop being twice its pro¬ 
jection. The weight is 3930 lb. per lin. ft., which checks the original assumption. 


M/ 

♦•**:*. . 








• * • * . ■ 





_i. 


Fio, 36. 




47c. Plain Concrete Column Footings.—^In this type of cantilever footing, shown 
in Mg. 38, the steps project in four directions from the column it supports. Footings of this 
type are generally us^ in mill buildings where excavation is not difficult or expensive. 

lUustrgtiye Problem*—Design a column footing of plain concrete to carry a load of 350,000 lb., the soil pressure 
being 3500 lb. per sq. ft. 

Column load » 360,000 Ib. 

Assumed weight of footing » 90,000 lb. 

Total load « 440,000 lb. 

Design of sise of base. 

Assume a 24-in. square cast-iron base. 

Allowable stress on bottom of base for 2000-lb. concrete 

(8ce Art. 49o) - 0,25- 0,25 X 2000 X • 6601b. 

Area of base i* ■" 

tlse 24 X 2-in. metal C. I* bsae. 

Area of footing •• * t26 sq. ft. 

U-t - footim 11 ft, # la* X 11 ft. 4 la. -t-pp-d and btdlt monoUthio, as shown in Fig. 38. Weight Is 89,000 Ib. 
wUidi ebselnassBiapiiaa swjr aleMlr, 

M. IHom aad footbigt.—Stono or brick masonry is not suitable for footings except 

for very light Bveil' for such loads it is recommended that concrete be used. 
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49. Reinforced Concrete C<^oinn Footings. 

49a. Notation and Design F<Nnaiilas.—The symbols used in formulas for the 
design of column footings are as follows (see Fig. 39): 

a » width of pier or column supported. 

At « effective steel area in one direction. 

A « total area at top of cap or pier, 

A' « loaded area at the column base. 
b « dimension of base of footing. 
c » distance from face of pier to edge of footing. 
d «= depth from top of footing to center of gravity 
of steel. 

di « depth at shear section as governing cUagonal 
tension. 

M = moment in one direction. 

Ta ®= pennissible working stress directly under 
column. 

i « total thickness of footing. 
ti «= thickness of prismatic portion of footing 
u « unit bond stress at edge of pier for bars within 
the effective width only. 

w « column load divided by the area of the footing. 
Fia. 39 . The formulas for the design of square column foot¬ 

ings follow: 


- (Hoc* + 0.6c>)tt) 

(1) 

= 0.25// 

(2) 

M 

(3) 

“ fsjd 

[61 ^(o 4-2d)»Jw» 

4(a + 2d)jdi 

(4) 

_ (c* + ac)w 
^ Zojd 

(5) 



Effective width for steel « o -|- 2d -f — o — 2d) (6) 

496. Steps to Be Taken in Design.—The steps in the design of a square rein¬ 
forced concrete footing are as follows: 

(a). From the column load and allowable pressure on the soil determine the dimension 6 of 
the footing. For this computation mi estimated weight of the footing per square foot must be 
deducted from the soil pressure. The weight of the footing does not enter into the computa¬ 
tions otherwise, as its weight passes directly to the soil without affecting the moment or shear 
measurably. 

<5) Compute tc(« column load divided by 6*). 

(c) Design cap or pier (if used) on top of the footing. 

(d) Assume a value for d and compute the shearing unit stress. Revise the assumptioii of 
4 uhiil an allowable shear on the unreinforced concrete web is obtained (or design stimips if the 
depth of the footing is limited). 

(s) Compute the bending moment in the footing. 

(/) Compute A, and determine the size and number of bars making up the effective kteel 
mm. In the remaining width of the footing provide same size bats at twice the intervil used 
edtlilii the effective width. 

^ ig) Compute the bond stress on bars, taking 2o as the sum of the peiimetm bl aB bdls 
up the ^active steel area 

^ «« the a«um«d weight and a 

soil piessiite^ ^ 
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The dosiga of all column footings has been carried out in accordance with the 1924 Joint 
Committee Specifications (see Appendix J). 

49c. Single Slab Footings.—This type of footing should be used only for smaU 
loads, as it is uneconomical in concrete, 

lUattrative Problem.—Soil presHuro 4000 lb. per sq. ft. 

Column siae 20 X 20 in. (eee Fig. 40). 

Column load - 150,000 lb. 

Amumed footing weight ■* 10,000 lb. 


Area 

«» 


160,000 
4000 
150,000 
(6.6) (6.5) 


Total load « 160,000 lb. 

40 sq. ft. * 6 ft. (i in square. 

» 3560 lb per sq. ft 


* 36.7 lb. per sq. in. 


It will be noticed that d\ » d for a single slab footing. 

Oiagonal tension, assuming d 13 in. 

(27.55) (3560) _ 

^ “ (4)(46)(0.87)(I3) “ 

This value is too high where ordinary aiiohorage of the reinforce- 
ment is employed 

Try d » 14>2 

* " (4)(49)(0.87)(U.S) 

M - t(M)<I-87)(2.42)> +(0.8K2-42)»J(3560)<12)-572,000m.-lb. 

A« 2.60 sq. in. • twenty-three H-in. round bars. 

(9.memo) 

“ " (23)(1.18)(0.87)(U.6) ” “>• P" «»• 

Since the unit bond stress allowed is only 75 lb. per sq. in., 
*t will be necessary either to book these bare or increase the 
number allowing the bam to remain straight. Hooking the bars 
is the most economical solution. 

The twenty-three 4^-in. round bars must be spaced in a 
width of 20 -b 29 + H(78-20-29} » 63.5 and have a spacing of 
<*3.6 

« 2.9 m., say 25^ m. on centers. 

The 23 bars will be placed equally on each aide of the center 
at 2H in. on centers. The outm* bar of this effective group there¬ 
fore lies 9 in. from the edge of the footing, so only one bar will 
be needed at 6H in. on centers on each side, making a total of 25 
bars each way. 

The depth of the footing 14.5 3.5 ■■ 13 in. Actual 

weight w 9500 lb., which oheoka assumed weight. 



Fro. 40. 


49d. Slopod Footings.—^This type of footing is favored by some designers. It 
requires less concrete than stepped or fiat>top footings. For the practical operation of pouring 
sbping footings without forms, a comparatively dry concrete is used, and the slope may be as 
steep as 3 vertical to 6 horisontal without causing any difficulty in the field. In the design 
which follows, a cap or pier has been provided on top of footing equal to one-fourth of the 
breadth of the base* Experience has taught the writer that the use of a cap or pier of plain 
concrete on top of the footing is exceedingly desirable where the strata of firm soil vary. The 
footing may be lowered to firm soil and the height of the pier increased so that the elevation of 
top of pier remains constant. 

In structures where the column loads are fairly large, some provision should be made in the 
desdgn to allow for a greater percentage of dead load on an exterior than on an interior column 
footing, U the ground at the bottom of the footing is hardpan, hard shale, or solid gravel, this 
proid^n is not essential. 

It is good pmeitoe to design the oolumna for the full dead load and a proportion of the five 
load d^iM^ng ujsm the number of stories in the structure. In Chicago, the basement story 
columns in s and basement building would be derigned for the full dead load, the roof 

and ^ lead for which the floors are designed. The footings are designed 
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for the basement story column load. Some designers proportion the area of footings on the 
basis of the dead load only. The writer recommends using the full dead load and one-half of 
the live load used in the design of the basement story columns. The'following example is 
worked out on this basis: 


lUtistrAtive Problem.—Interior column Siae, 32 in diameter, 2900*lb concrete; verticals «* thirteen 
square bars; spiral *« round, 2>^-in pitch, 28 in. diameter 

Dead load » 297,000 lb 
lave load » 423,000 lb 


Kxtenor column. Sise, 30 in. diameter; 2000-lb concrete, 
verticals eleven 1-in. square bars; spiral «■ round, 

2 > 4 -in. pitch, 26 m. diameter. 

Dead load - 280,000 lb 
Live load - 196,000 lb. 

Maximum soil pressure **» 3500 lb per sq ft. 




806,000 

Allowing 12 % of the column load for the weight of footing, area of interior footing -» — 230 sq. ft. 

xS ft. 2 in. square (see Fig, 41). Now using one-half the live load and all the dead load, we have a pressure of 

617,000 .. ...... , ... (647,000 - 98,000) 

• •• 2680 lb per sq. ft. The area required for the exterior column would be-- -• 168 sq. 

ft. or say IS ft. 0 in. square (see Fig. 42). 

Following through the above, it will be noted that the area of the interior column footing, which is the one hav¬ 
ing the highest percentage of live load, was first obtained by using the soil pressure allowed. A new soil pressure 
is then obtained by umng aQ the dead load and one>ha!f the live load. All other footings are then proportioned by 
using this reduced soil pressure and applying it upon the full dead load and one-half of the live load. 

Having determined the footing area, the design will be earned out in the usual way using the total column load 
occurring at the top of the foundation. In case the live load for which the floors are designed exceeds 400 lb. per 
sq. ft., it would be well to take one-fourth of the live load instead of one-half. The reason for this is that the settle- 
ment, if any, will probably occur during construction and not after the building is fully loaded. 

Jntmer FooUng: 

Total column load 720,000 lb. 

Area of footing «• 230 sq. ft. w ^ 

Provide a eap on top of the footing equal to one-fourth of the breadth and 1 ft. 0 in high. 

Cap •• 3 ft. 10 in. square. 

Area of cap « 2116 eq. in. 

Choas area of cdiinm » 804 aq. in. 

rs 0 JIB ft* ^2,63 » 690 lb. per sq.m. for 200CMb. concrete. 

Aettial strait •» •• 880 lb, per aq in. 

Tha permiesil^ eMsea would he inoreaaed 46 % in the event that a 2000-lb. ooncreta anp warn naad# 
atraaa 030 X 1*48 «■ lOOo Ih. per b<;|. in. Had the 20004b. concrete eap bean adoplad lor Ihia daiii% it weald ha 
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ueoessery to provide a short spiral in the top of this cap together with footing dowels equal to the number and sise 
of the column rods. We shall use the 290(X>lb. concrete cap and omit the spiral for this design, as the more economi¬ 
cal solution. 

The top of the footing directly under the cap will be made 8 in. larger than the cap in order to leave a flat 
surface for the cop forms to set on. 

Diagonal Tension.—Assume d 40 in. below bottom of cap. Depth available to resist diagonal tension 

dt. Assume h « 12 in. 

Ta (di - 8) (40 ~ di) 

By proportion - ~— 


solving, di <» 22 in. 


(120) (3130) 


■* 39 lb. per sq. in. 


(4)(126)(0.87)(22) 

M - [(H)(3.83)(5.67)* + (0.6)(5.67)*1(3130)(12) - 6.400,000 in-lb. 
d «> 40 in. A. « 10.1 sq. in. — twenty-three H-in« round bars. 

(21.7 + 3 2) (3130) 

“ “ (23) (2.36) (0.87) (40) 

Kffective width (10..5) -f (M)(16.17 - 10.5) « 12.83 ft. 

IM 
22 


** 89 lb. per sq. in. Use hooked ends. 
154 in. 


Add one bar each side making the total steel twenty-five ^-in. round bars each way. 

The actual weight of footing and cap as designed is 80,000 lb. which is slightly less than the assumed weight. 
Exirrior Footing: 

Column load, 476,000 lb. 

Area of footing * 169 sq ft tc * 2820 lb. per sq. ft. The design will be carried out the same as above, and 
we obtain the design shown in Fig 42. 


49e. Diagram for Determining Depth of Footing.—For fixed proportions of a to 
b and for any given column load, the depth to the steel, d, remains practically constant for all 
soil pressures in common use, (Fig. 43) is based on the assumption that the column of what- 
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ever ske will rest upon a pier whose side is one-fourth of the dde of the base of the footing. 
From this figure the value of d for design may be selected with the assurance that the shearing 
stress as governing diagonal tension will not exceed 40 to 60 lb. per sq. in. as noted on the 
diagram. 

40/. Stepped Footings.—Stepped footings should be so proportioned as to 
completely envelop the minimum sloped footing. 

49p. Rectangular Footings.—Since a footing is a very stiff rigid member, no 
appreciable deflection will occur at the edges, and uniform pressure will prevail throughout the 
foundation. In footings in which the length does not exceed the breadth by more than 60%, the 
design will be carried out in the same manner as in a square footing. Thus, referring to Figs. 
44 and 45, 





Af(i.i) - + 0.6c*6)te 

-f 0.66^c)w’ 

The values for diagonal tension can be followed through in a similar manner. 

In cases where the length is more than 50% great(*r than the width, the footing should be 
designed as follows: 

w 


3f(4-4) * -f 

The effective reinforcement across 4 — 4 should be placed within a width equal to 
(a + 6). 


49/i. Wall Footings.—Ointinuous footings of this type may either have a sloped 
top as shown (Fig 46) or be constructed with a level top. If w is the unbalanced upward earth 
(c —' (Dii) 

pressure, then di « ^ ' 2)(o 87) (40) ordinary anchorage of the steel is provided. 

M =“ per lin. ft. 


wc 

w « where So represents the total periphery for the numlier of bars present per ^ear 

foot. 

It will usually lie found that in this type of footing the reinforcing bars must be hooked as 
indicated, for economy. 

90« Reinforced Concrete Combined Footings.—In this case, a column occurs very close to 
the property line, and a symmetrical footing cannot be constructed without encroachment upon 
the adjoining property. A combined footing for the exterior and next adjacent interior footing 
may be the best solution. 

If the exterior column load is less than the interior column load, it is general practice to use 
a reetantgular footing. If conditions do not permit this, a trapesoid^ footing must be used. In 
case the exterior column load is greater than the interior, a trapesoidal looting must be used# 
In the articles which follow, stresses for a 900(X*!b. concrete and a hiut}«|pmdie Steel, In 
aeconiance with the 2924 Joint Committee report, have been used, For these stremes, K « 

m t 

CmUaMi In tbia 

founda^m "a ill be proportioned directly to the basement story eotumn loddb* 
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IlHifttratiTe Problem^-^lntorior column 1, load 720»000 lb.; column aue, 34 X 34, 

Exterior column 2, load •• 476*000 lb.; column site, 30 X 30. 

Maximum soil preesure » 4,000 lb. per eq. ft. 

The center of gravity of the column loads must coincide with the center of gravity of the footing area 
Allowing 12 % for the weight of footing, area of footing: 

806,000 4- 533,000 


Center of gravity is 


4,000 

(18.0) (720.000) 
l,196,()b0 


335 8 ft. 


10 83 ft from center of column 2. 


3570 lb. 


Now, side of column 2 is on the lot line, so center of gravity is 

10,83 + 1.25 *■ 12.08 ft. from end of footing. 

Footing is to be rectangular, so length will be 

2 X 12.08 “ 24.16 ft. 

Width of footing « 13.9 ft. 

.64.10 

The sise of the footing and its location with respect to the two columns has been determined. 

1,196,000 
“ 335 

The next operation will be to determine shears and moments in a longitudinal lirection. 

A shear and moment diagram is then plotted to a convenient scale. 

ViL « -(13.9)(3570) (4.9) * -244,000 1b. 

VxR « +720.000 - 244,000 * +476,000 lb. 

ViR » +(13.9)(3570)(1.25) = +62,000 lb. 

VzL ** -476,000 + 62.000 » -414,000 lb. 

476 000 

Line of xero shear * rrr s;; - t ; ■ .; * 9 6 ft. to right of center of column 1. 
to070)vl3.l») 

Ml - -(244,000) (4.9) (H) (12) » - 7,150,000 in .-lb. 

Ma « maximum positive moment and occurs at Unc of zero shear = —7,150,000 + (9 6)(476,000)(>ji)(I2) *• 
+20,350,000 in.-lb. 

Mi * -(62,000)(1.25)(> 2 )(12) « -580,000 in.-lb. 

Draw a smooth parabolic curve through the plotted points representing these moment values. In certain cases 
it would be well to compute a series of intermediate points on the moment diagram in order to determine this para¬ 
bola more accurately. But for all practical purposes, the values calculated above are sufficient, as they represent 
the critical values used in designing the footing. 

885, d * 30 in. 


20^350,0(W 
® “ (138) (13.9) (12) 


At 43 sq. in. thirty-four l>^-in. square bars. 

Actual weight of footing » 143,000 lb., which checks the assumed weight very closely. 

Diagonal tension at column 1. (Trial without cap.) 

(202 - 6l.3)(3670) _ 

* “ (4) (94) (0.87) (30) " 

According to the 1924 Joint Dommittee report, the above value is too high where ordinary methods 
are employed in anchoring the reinforcing steel and where no web reinforcing is present. We shall proceed pn the 
basb that no special anchorage will be used. Therefore the limiting value for diagonal tension will be 40 tb. per 
sq. in. In order to reduce the above value, it will be necessary either to increase the effective depth of the footing 
or to provide a cap under column 1 of a eise sufficient to reduce the diagonal tension to the allowable valhe. 

Try a cap 1 ft. 0 in. deep and 46 in. square. 

_ (202 - 78X3570) , 

(4) (106) (0.87) (30) 

Diagonal tension at column 2. (Trial without cap.) 

In this case it will be assumed that there is no basement wall at column 2. 

^ (134 - 37.4) (3570) 

(120 + 90) (0.87) (30) 

Try a cap 1 ft. 0 in. deep and 41 X 52 in. 


(134 - 55.8) (3570) 

• * (142 + llli)(0.87)(36) 


41.81b. 


There are, at the preeent time, two methods in general use for providing weh feinleveement ip eomMiked 
lootinis. 

Case I; I^gitudinal bars bent down near the supperte, 

Oise 21: vertic4 itimipe. 

(m medtiodili pow pftmM. 
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Ca*e /.'**~'Wfaere longitudinal ban are bent down at an angle of 45 deg. or more with the maip reinforcement 
(see Appendix J). 

When a 60 deg.« • ■■ in. (maximum spacing). 

Considering shear at right face of column 1. 

From shear diagram: 

V » 406,500 lb. ® » 93 lb. 

Vt - 174,500 lb. Vc * 40 lb. 


sj * 


•» 13 6 sq. in. 


■> 13.2 in. This value comes wilhin the maximum spacing as computed above 


V' « 231,000 lb. t' « 53 lb. 

Distance out from face of column 1 where no web reinforcement is required. 

*>^8(8.18X12) « 56 in. 

The total area of bent-up bars required to resist diagonal tension in the distance of 56 in. is therefore: 

(231,000)(56 )(sin60**) 

(1^000) (6.87) (30) (2) 

Starting at the right face of column 1. 

Assume five IH-'in. square rods are bent up at column 1. 

(6.32)(16,000)(0.87)(30) 

,(231,000) (sin 60^ 

Bend up 5 rods at 60 deg. from a line 1 ft. to the right of center line of column 1. 

In a similar manner, we find a satisfactory design as follows: 

At a point 2 ft. 6 in. out, bend up four IH'in. square bars. 

.At a point 4 ft. 0 in. out, bend up three lH*in. square bars. 

Total area of steel bent up *■ twelve IK-in- square bars *» 16.2 sq. in., which is more than the amount 
required. 

The shear at column 2 is less than the shear on the right face of column 1. To avoid too many types of bent 
bars, the rods wull be bent in a similar manner at column 2. 

The 6 bars which are bent up for shear under column 1, should not be considered as resisting the negative 
moment caused by the cantilevered end. These bars should be hooked a short distance beyond the support. 
The negative steel required for negative moment at column 1 >» 15.2 sq. in 
Hteel available from the remaining bent bars (seven in. square)» 8.8 sq.in. 

Deficit « 6.4 sq.in 

Add eight 1-in. round rods in the bottom of cantilevered end. 

Bond at the left face of column 1. In this case the negative steel is considered. 

“ “ (8)(3.i4)+\?)'S!^)(0.87K30) * 

Bond at the right face of column 1. In this case the positive reinforcement is considered. 

406,500 

“ “ (zaja-WsTHSO) " 

Rods should be extended beyond the support for anchorage and hooked. 

Bond at left face of column 2. 

“ - (SSkoShso) - 

(’ose II .—Using vertical stirrups. 

Maximumnuse stirrup » *Ko ** ^s iu- 

The total area of vertical stirrups required to resist diagonal timaion in a distance of 56 in 

(231.000)(66) 

(16,000)(0.87)(30)(2) “ •<1-“• 

Try round stirrups having 8 vertical legs. 

(2.4) (16,000) (0. 87) (30) 

" "'231,000' 

Use 7 stirrups spaced as shown at each end. 

Use fifteen 1-in. square bars for negative reinforcement under column 1. Bond at left face of column 1. 


> 4.4 in. 


Bond at right face of column 1. 


174,000 

(lS)( 4 )( 0 . 8 f)^) 


111 lb. per sq. in. Use hooks. 


“ “ (34)(;^(^7)(30) " Jb peraq.m. 

It is good practice to run about tluroa bars through the entire length of the footing at the bottom These bars 
to hold the tranaveree relnfmement rigidly in place. 

Transverse teiafoeoement must be provided at both eolumns 1 and 2. 

At column 1: 

M - X X X 12 - 9.520,000 m.-n., 

2 13,9 2 
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• 20 «q in. Pse twraty 1-in. aq. rod*. The** b*r« are to b* apaoed m a diatanoe of 9 ft. 0 in. Spacing 
will be 6 in on centm. 

At column 2. 

M « 11^299 X X X 12 - 6,700,000 m.-lb. 

Jr 13 V J 

A« CO 14 2 eq in fourteen 1-in square rods, hooked at both ends and spaced 4J^i in on centers 

606 Trapezoidal Combined Footings.—In this design (Figs. 50 and 61), the 
foundation will be projxirtionefl directly to the basement story column loads. 

Illustrative Problem.—Interior column 1, load « 390,000 lb ; column sise, 24 X 24 in. 

Exterior column 2, load « 476,000 lb.; column sise, 30 X 30 in 
ti^oil pressure » 6000 lb per sq. m. 

.Allowing 11 % for weight of footing, the area required equals 160 sq. ft Column spacing is 18 ft 0 in. In 
this ease a concrete basement wall is located at the edge of the footing. The weight of this wall is moJuded in the 
column load 


The center of gravity of the column loads is 


(18) (390,000) 


8 1 ft from center of column 2, or 9,35 ft. from end 
te of column 1 The length of the footing is there¬ 


of footing The footing wnll be continued 1 ft 0 in past the edge of column 1 The length of the footing is there¬ 
fore 21 ft 3 in (see Fig 50) 

The widths Ci and Ct must be such that the area of the footing is 160 sq. ft and the center of gravity of this 
trapexoid is 9.35 ft from the end as shown Then 

CC.+^.)i2i2« . 100 or C. + C. - 16 1 it. (1) 

Using the common equation for the center of gravity in a trapesoid. 


Solve equations (1) and (2). 


21 25 Cl 4- 2Ct 
3 ^ Cl+ Ct 


Cl « 10.3 ft and C* « 4.8 ft. 
, 866,000 - 
^ “ iid” ** 


plotting Shear and Moment Diagram .—In this problem the loading consists of a uniformly 
vaiying load. In order to plot the shear and moment diagram accurately, it would be neces¬ 
sary to determine a series of points on these curves. For all practical purposes, it will be neces¬ 
sary only to calculate the shears at columns 1 and 2 and determine the line of zero shear. By 
calculating the values of the negative moments under columns 1 and 2 as well as the maximum 
moment at the line of zero shear, a reasonably accurate diagram can be plotted. 

In practice sometimes, the center of gravity of the footing is considered the line of zero 
shear. The error caused by this assumption is very small, seldom exceeding 3%. 


Exact line of scro shear: 


476.(X)0. 


V-- (2)(21.25)*V -- 

Saving, zt « 9.8 ft. from right end of footing. C ** 7.77 ft. 

The shear and moment diagrams have been plotted m accordance with the above inatruotiona. 
The ahear and moment values at the critical pointe are hated aa follows: 


ViL « - 54,700 Ib Afi - -645,000 in.-lb. 

ViR m 4-334,000 lb M* « - 515,000 in.-lb 

VtL - -410,0001b. Ma - +19.600,000 in.4b. 

Fjt «* + 68,500 lb. 

Ma « 19,600,000 mAh. 

^ 19,600,0ti0 ^ 

" (T88)^(1^ ’ 

At • 31.8 aq. in. » thirty-two 1 aq. to. haia to 2 toyara. 

Total depth - 39 + 6 » 45 to. 

Aetital weight of the footing aa designed la 91,000 lb., whieh is slightly amalier than the affrurmt weiilit. 
Dtogmtal tension need not be toveatigated in this problem. 

Ccnwddertog shear at the right face of ootomn I. 

V m 004,500 Ibu a • 104 lb. 

^' n - 01,000 lb, «W » 40 Ib. 


1520, d m [ 


r - 213,500 lb. 


- 04 lb. 
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The 1924 Joint Committee Hpeoificationa permit the use ol 0.03 fc lb per sq. tn. as the allowable unit shearing 
stress on concrete, provided special anchorage of the longitudinal steel is adopted. This report further requires 
that special anchorage of the longitudinal steel should be used when the shearing stress exceeds 0.06 /c as it does in 
this case. Special anchorage will be used in this problem. 

V « 304,500 lb. V « 134 lb. 

F, - 137,000 lb. ve * 60 lb. 


V' - 167,500 lb. v' « 74 lb. 


^-in. round stirrups having 8 vertical legs will be used and spaced os shown in Fig. 50 

Seven bars will be bent down near the columns as shown and hooked for anchorage The bare serve as supports 
for the top steel in the footing and also provide negative reinforcing under each column 
Shear at left face of column 2 « 344,000 lb, 

344,000 rr ^ 

“ * (2‘5T(4)t0 87)(F^ "* 1021b per sq in Use deformed bars 

Cross bending at column 2 need not be considered as the rigid concrete wall will distribute the load at that end 
Bond stress will control the number of bars required for cross bending at column 1 
Try twelve 44 -in round rods. 


^1 _i3®0«0?P)(3.32Jj_ 

“ * 2 ^ (12^)(2.36)(0.87)(41)(5.32') 
Use twelve ^ 4 -m. round bars hooked at each end. 


120 lb per sq in. 


60c. Continuous Exterior Column Footings.—In many cases where we have a 
continuous concrete ha.sement wall it is economical to use the basement wall as an inverted 
beam which distributes the column load to a continuous footing of a relatively small width. 
An example of this type is shown in Fig, 52. In the example which follows it should bo 



noted that the footing is concentric with the column. The projections on either side of the wall 
will consequently vary. 


IJiostrattve Problem.—Basement story column load 480,000 lb.; column sise, 30 X 30 in. 

Soil pressure * 4000 lb. Columns are spaced 18 ft. 0 in. on centers. 
Basement wall per linear foot «• 9 ft. X 16 in. » 1800 lb. 

Footing per linear foot •* 1600 lb. 


Total load » 540,000 ib. 


Area 


540,000 
4000 " 


ISSm]. ft. 


3400 lb. per lin. ft. 
60,000 lb. in 18 ft. 0 in. 


w « 8560 lb. 

Udng the vajbe of 0,6 // for a 200O«|b. eoaerete as the Umiting value of shear with web reinforcement, then 


^ ^ (7.5)(15.5)(8560) 

WaSSfUSWWS) 


16 in. 
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The maximum moment in the lonser projection of the footing. 

af(m«x.) - (3660)(.5|I*^(12) _ 288,000 in.-lb 

d required 13.2 in use 18 in. Depth ■■ 21 in. 
iit 1.02 sq. in. Use five H>in. square rods per Im ft. of wall. 

With d a- 18 in , the depth available to resist diagonal tension is 14.3 in. 

(2 17) (3560) 

^ " (14.3) (12) (0.87) " ^ 

This value is not too high according to the 1924 Joint Committee report provided special anchorage of the rods 
is adopted. Use hooks. 

^ "*• “““ d'foraed b»r«. 

The maximum moment in the shorter projection of the footing. 

if (max.) - (3660) (12) - 134,000 isMb. 

Oobalanced if - 288,000 - 134,000 « 154,000 io.-lb. 

A$ in wall 0.70 sq. in 
Aa shorter side «• 0.47 sq. in. 

End shear m V » 206,000 lb 

Ve 68,000 lb. carried by concrete 

V' ■» 138,000 lb on web reinforcement. 

(80) (03) 

Point where no web reinforcement is required »• » 62 in. 

The total area of vertical stirrups required to reoist diagonal tension in 62 in. - * 

V1 u yUUU} \0 • SI } (1ZZ } (2 ) 

2 5 sq in. at each end 

Use stirrups as shown in detail. 

M in wall beam - (7.5) (3560) (18)* « 8,650,000 in -lb. 

At ■■ 4.6 sq. in. Use four 1 H-m. square rods 

61. Concrete Raft Foundations.—When a boil of low bearing value is encountered, a raft 
or mat covering the entire building site is sometimes economical. This type of foundation is 
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usually more economical than piles when conditions permit its use. The raft may be designed 
either as a fiat slab or as beam and slab construction. The beam and slab is usually more 
expensive but has the advantage over the flat slab of allowing all piping below the basement floor 
to be installed after the foundation work has been completed. Pigs. 53 and 54 represent a cross 
section through these two types of raft footings. The dead weight of the foundation will 
balance a certain amount of the upward soil pressure and therefore wUl not enter into the slab 
design. 

In the fiat slab type, the drop, instead of occurring above the floor, is constructed below the 
slab* When Uie invert^ caps at the bottom of the columns are objectionable, they may be 
eliiniiiated and the slab increased in thickness in order to resist the increased moments and 
shears* Where the else of the basement story column is of minor importance, a large column or 
pier eould be adopted in thia story thereby materially reducing the thickness of slab and the 
drop fectulred. 
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52. Piers Sunk to Rock or Hardpan.—When column loads are excessive, the use of piers 
sunk to rock or a very hard formation becomes desirable. It has been found that where the « 
site consists of a soft clay or other material of comparatively low bearing value overlying a hard 
formation at a depth of 30 or 40 ft., these piers are more economical than piles or spread footings. 
Such piers, which are commonly called caissons, are extensively used in Chicago. 

If a 2000-lb. concrete is used, the Chicago Ordinance allows a stress of 400 lb. per sq. in, on 
the gross section of the caisson. When the caissons are built upon hardpan, the bottom is 

belled out so that the bearing on the hardpan 
does not exceed 12,000 lb. per sq. ft. The weight 
of the caisson does not enter into the calculation, 
where the lagging is not left in place, since skin 
friction on the sides of the caisson has been 
shown by tost to be adequate to support the 
caisson weight. 

53. Reinforced Concrete Footings on Piles. 

When a soil of low bearing power is encount¬ 
ered and a raft type of foundation is not used, 
lootings of the same types as designed under 
Arts. 49 and 50 are usually supported on wooden 
or reinforced concrete piles. Piles may also be 
used under raft foundations when the load is 
exceedingly heavy. In designing a footing on 
piles the pile loads are treated as concentrated 
loads. Many building ordinances require that 
the top 6 in. of the piles be enclosed in concrete 
which is not considered as contributing to the 
footing strength. This footing must be of suffi¬ 
cient depth safely to resist diagonal tension at 
the plane of critical section (see Appendix J). 

In most ordinances wood piles are flared for a 
maximum load of 20 tons subject to test loading. 

The following example of a footing sup¬ 
ported on wooden piles is designed in accordance 
with the 1924 Joint Committee recommenda¬ 
tions (see Fig. 56). 

Xllitstratire Problem.—Column load ■> 8S5,000 lb ; column eise, 36 in. diameter. 

AUowittg 10 % for the weight of the footing, and 40,000 lb. m the load on one pile. 

Number of pUea - - 26 pile,. 

With piles spaced 2 ft. 6 in. on centers the else of the footing will be 12 ft. 6 in. square. 

Use a cap 4 ft. 0 in. X 1 ft. 0 in. deep. 

Assume an effective depth (d) of 53 in. at edge of cap. 

The critical section for diagonal tension occurs on the inner edge of the outer row of piles in this ease. 

Dqpth available for resisting diagonal tension d, 36 in. 

Width available for resisting diagonal tension on one side * 104 in. 

16 685,000 ...... 

* * 26 ■ C4) (lot) mriiSSj “ * 

M - (i )(888,000){36) + (^)(886,000)(6) - 6,625.000 

A* ^ M iq. in. Use twenty-two $i-in. round bare in each direction. 

Bond “ gj ■ ( 83 )(i.g^'(c^ 7 )( 68 ) " per tq. in. Dw hookt. 

fb# kctunl wdeht of tbo footinc wkI eop w detitowl it 87,000 lb., wbieb ohaek* tb* Might. 

spaced about 3 ft, 0 in. (meentm. tM 

m top0 these piiw is Mmilar to tbat used for desigwitg footings «» woodm WH 
'91 ms load ffsr {lile is usually much greater, however, 



Pig. 55. 
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The diagrams of pile arrangements given in Fig. 56 will be found convenient. The spacing 
of the piles is not given, as the designer must comply with the local ordinances in this matter. 

54* Steel Beam and Girder Footinga.—Steel beam footings are not now used to any great 
extent. The footing consists of tiers of steel beams placed side by side and embedded in 
concrete, as shown in Fig. 4, p. 118. The method of design for steel beam pier footings is 
described in the illustrative problems on pp. 121 
and 122. Steel girders are sometimes used in com¬ 
bined and cantilever footings of this type to 
distribute the loads. The method of designing a 
steel girder for a combined footing is given in the 
illustrative problem on p. 189. 


FLOOR AND ROOF FRAMING -TIMBER 

By Henry D. Dewell 

66. Floor Construction. 

66a. Thickness of Sheathing and 
Spacing of Joists.—The type and intended use of 
t he building will in a great measure determine the 
general arrangement of floor system, the thickness 
of sheathing, and the approximate spacing of joists. 

For timber floors carrying light loads, as dwelling 
houses, apartment houses, schoolhouses, and office 
buildings, the sheathing is usually of double thick¬ 
ness, consisting of an under floor of rough 1 X 6-in. 
l>oard8, laid diagonally with the Joists, and an upper 
floor of T's-in. tongue and grooved flooring. The 
joists for this class of buildings are usually 2 to 3 in. 
nominal thickness, spaced 16 in. on centers, and 
of such depth as is necessary for strength and stiffness. The spacing of 16 in. for the joists 
must be maintained when a ceiling of wood lath and plaster is supported from the under side of 
joists. Usually, the span of the joists will not exceed 20 ft. Floor joists 2 X 8 in. are the 
smaUest size that should ordinarily be used, while the maximum depth for a 2-in. thickness 
should not exceed 16 in. If a stronger joist than a 2 X 16-in. is required, the thickness should 
Ije increased to 3 in. with a maximum depth of 18 in., or the spacing decreased to 12 in. With a 
ceiling supported from the floor joists, the size of joists must be sufficient to keep the deflection 
of the joists when fully loaded to Heo of the span of the joists. In making such a computation 
for deflection the load of ceiling, joists and bridging, flooring, and any partitions is considered 
as the constant or ^'dead load, and the modulus of elasticity used should not exceed K that 
given in Appendix (7 for the particular kind of timber used. The deflection for live load 
is computed, using the full value of the modulus of elasticity. The total deflection to be expect¬ 
ed is the sum of the two partial deflections. 
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Fia 56.—Arrangement of i>ilee and sfaapee of 
footings. 


In buUdinif where floors csrry muoh heavier loads, as warehouses, lofts, etc., the flooring is usually IH in. 
thick as a miaimum. If such a bulldiiig has no eeOing, the spaeinc of joists may profitably be increased over 16 in. 
In tanaral, hha most aoonoialeal floor will ooeur with short spans for joists and giiflers, and oonsoQuently small-siae 
joifls. Oa tbs othsr hand, many other factors eater whidi may warrant longer spans for both joists and i^rdsni, 
and the mm^ ImpWimit of Ihene factors is the advantage of having ae few posts inside a building as possible. In 

the frsmhig of the flfst fleers of btdldiags whore such floors are but a lew feet off the ground, it will ususlly foe found, 

for akahspla, Omt for n five load approxlmaliag 100 lb. per aq. ft., the most econotnioal system of framing will be 
6 X fMm insKSi, 6 X 6* or 6 X lO-ia, girders, fl X 64a. Joists, the floor bays being approrimately 10 X 10 ft. In 
the ahm stntOMih it Is assitmod that the fooUags rest oa the soil; for pile foundations the dtuation would be 
ootirelr dliiraat. In the latter ease eeonomy wttl dictate the uao of long spaae to utilise the full capeeity of pBc. 

GwillihOlhg 64m loishi 64n. Joists of oquivalent itfength, it may bo pointed out that, since the actual 
6ohAadthlekistmi^afl4n.J(o4stwhe«i«rfscc^ «» 
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the loBB of strength by surfacing is 18.75 % in a 2-in. joist and 12.5 % in the 3-in. joist, or an economy of 6.25 % for 
the 3-in. joist, although the price of the 3-in. timber will be slightly higher than the 2-in. stock. Only a comparison 
of several schemes for an actual ease will indicate the cheapest construction. 

For proper spiking the thickness of joist should be somewhat greater than the thickness of single floor spiking 
to it. Using floor boards of 2-in. thickness, the joists should be 3 in. thick. 

556. Bridging.—Bridging consists of timbers placed between joists to support 
them laterally. Bridging is either solid or of the cross or herring-bone type. The latter method, 

shown in Fig. 57, is the more effective of the two types, since it 
not only supports the joists laterally; but, in the event that a con¬ 
centrated load comes on one joist, the bridging will effectively assist 
the flooring in distributing a portion of the load to the joists at 

Fra. 57.—Detwl of herring. 
bone bridging. 

For joiste 2 X 10 in. and under, cross bridging 1 X 4 in. or 1 X 3 in. will be sufficient. For joists 2X12 in. 
and larger, the cross bridging should be at least 2X3 in., and for the larger sises of joists, 2 X 4 in 

Solid bridging consists of pieces of planks of the same depth as the joists, cut and fitted between the joists. 
Solid bridging should never be less than 2 in. thick. 

All bridging should be neatly and snugly fitted between the joists and well nailed thereto. It should be con¬ 
tinuous throughout a hne of joists having a common span. Cross bridging should be placed at intervals not to 
exceed 8 ft. All joists should be solid bridged over supports. 

55c. Arrangement of Girders.—With a rectangular floor bay, the economical 
arrangement of girders and joists is to make the girders span the short side of the rectangle. 
The joists taking the longer span. 

For general stiffness of the building, the girders, where possible, should run parallel to the 
transverse axis of the building. It may be advisable, if clearances will pernut, to use knee 
braces from girders to columns, but in any case the span of girder should always be taken as the 
distance between center lines of end bearing on columns or walls. Knee braces should prefer¬ 
ably be fitted or attached to girders and columns after the full dead load of floor is in place; 
otherwise even the slight deflection of girder may put heavy bending stresses in the columns. 

Openings for stairs, etc., make the case of non-uniform loading more likely to be encoiuiterod in the case of 
floor girdtfs than in the case of joists. 

If double girders are necessary, an air space should be left between them, and the two girders connected at 
short intervals, say 2 ft., by pairs of bolts, using cast-iron separators between the girders. This air space is neces¬ 
sary to prevent dry rot taking place, although for fire protection, such air space is undesirable.* 

55d. Coimectioxis to Columns.—To prevent the girders in falling from pulling 
the columns with them in case of Are, standard practice recommends that the attachment of 
girders to columns be made self-releasing. The writer believes, however, that in the event of a 
fire serious enough to bum through the girders, the interior posts of the building are almost 
certain to fall. For this reason, where it is necessary to secure lateral stiffness in a building, 
he believes it well to design the connections of girders to columns, and joists to columns, rela¬ 
tively strong, providing continuity across the columns. Details of such connections are dis¬ 
cussed in Sect. 2, Art. 123. 

55s. Connections to Walls.—All girders and joists entering masonry walls should 
rest upon steel or iron bearing plates, well painted. An air space should be left around the 
ends of joists and girders. In order to allow the girders or joists to fall without pulling the walls 
over In case of fire, the ends of the timl>ers are usually cut back, as in Fig. 58. For tying the 
girdeiB and joists into the walls, iron or steel anchors are used, as illustrated in Fig. 58. These 
aiKshors should be approximately H X straps, one end forged into a lug to fit into a 

notch in the upper side of girder. Hie portion within the wall may be bonded into the masonry. 
Smnetimes an anchor consisting of a round rod is passed through the wall, and is fitted with an 
exterior ornamental cast-iron washer on the outside. The otber end of the rod may be forged 
into a fiat stn^ with a hig as before. 

* la sttill this sir spsoc is oaaslctsred ohtsctloasbls by mtm slnos H forms a eoaosidsd 

Wtkldju la tho rvtmt M osoaot bo rosched by wstor from tbs sprittkiiMri. 
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Every girder ehould be anchored into the wall. In the case of joieta, at least every sixth joist should be so 
anchored. Building ordinances usually prescribe in detail the sise and arrangement of wall anchors. 

Joists* closely spaced* entering a masonry wall weaken the walls. Further, unless very careful inspection is 
maintained* one can never be certain that proper air spaces will be left around the timbers entering the wall. For 
this reason* there have been developed wall boxes* made of malleable iron, steel, and cast iron, which insure an air 
space around the joist or girder, and at the same time allow the timber to be self-releasing in case of fire. The tie 
between timber and wall is secured by a lug on the base of the anchor which engages a notch on the under side of 
joist or girder. Typical box anchors are shown in Figs. 59 to 62 inclusive. Fig. 63 shows a Duplex wall plate. 



-Lsuie wrought steel wall box. Fra. 62.-»Daplex wall box. Fio. 63.—Duplex wall plate. 



A third method for support of joists and girders is the wall hanger shown in Figs. 64 and 65. With the wall 
hanger* no hole is left in the wall. Since the joists and girders with this device extend only to the inner surface of 
the wall* a eaving in timber is made. Since lumber comes in lengths of multiples of 2 ft* only* the use of the wall 
hanger as eompared to the box anchor may mean a saving* in many eases* of 2 ft. in the length of timber-~HS very 
considerable item. 

From the standpoint d fire hasard* It is desirable that* in the event of fire* the floor joists will fall* without 
pulling the walls with them. Fbr this reason* a detail of anchorage that is “self-releasing is usually recommended. 

SVom the standpoint of the resistance of buildings to windstorms and earthquakes* it is very impitftant that 
the Joists and fiooia be well tied together* and into the walls* so that the whole building may act as a unit in fomish* 
lug redtstanee to the lateral fotees of wind and earthquake. 
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M. Typical Blow Bay Design. —The following example will illustrate the neoeesary 
computations for designing the joists and girders of a typical floor bay. The framing plan of 
the bay is shown in Pig. 66. 

Data: Office floor; partitions 2 X 4 in., plastered both sides, 12 ft. high; flooring double, under floor rough 
1X6 in., upper floor 1X4 in., T G; ceiling plastered: joists 16 in. on centers; live load for joists, 60 lb. per 
sq ft.; live load for girders, 48 lb. per sq. ft.; live load for stairs, 75 lb. per sq. ft. 

For approximate dead load, call flooring 2 in. thick at 3 lb. per board foot; assume joists 2 X 16 in.**~16 in. on 
centers; allow 1 lb. per sq. ft. for bridging; assume plaster ceiling weight 5 lb. per sq. ft.; assume girder weight as 2 
fb. per sq. ft. 



Timber: Douglas fir, dense structural grade, aU timbers to be taken as 8181E,t working stress 1800 lb. per 
sq. in. in flexure and 175 lb. in horisontal shear. 


Loadings: 

Flooring. 

Joists. 

Bridging. 

Ceiling. 

Girder. 


Joiete 

6 

6 

1 

5 

0 


Girders 

6 

6 

1 
5 

2 


Total dead load. 18 20 

live toad. 60 48 


Total dead and live load 


78 lb. per sq. ft. 68 Ib. per eq. ft. 


TlfpM Jeiif A*H9paa 20 ft.; load « (20)(1H)(7S) - 2080 Ib. From Table 7, p. UO, it is fotuid tUi a 2 
X Mtu |ois4 on a 2(Mt. spaa will carry 2148 Ib., Hmited by bending. The load prodmdag a deflaekbn 
per loot of span is 1238 tb.,io that a deeper joist must be chosen. Since for dead load a modidni ol slniti«t^ mi^ 
nasd of 0 ^ H of that used for hve IcmmI, the dead load of 18 lb. per sq. ft. will be multiplied by the faster H 

blldnt 24 lb. per sq. ft., maldng a total loading of 84 lb. psr sq. It.; sad a total IcMul of 2240 lb. to be eoasidoiod Ai 
; Again, entering the tables it is found that the safe load for a 2 X 144n.» as limited by deSiO* 

4l«ii;ii2ld81b. Ws load, wlOlesUi^ibr nndm the required loadiimririn be telom as satlgfaete^ 
lidvib liitod, 

f SbHsii'od one lideibd one edge« 

Vf V ‘‘ 
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Tablb 1.—Stud Pabtitions^ 


Wmgbt and etrength bated on aotnal tiM 
Board xneaeure bated on nominaJ tlie 
Add weight of platter or ceiling 
Single plate top and bottom included, tame tite at ttuda 


Safb Load B^tsD on STUoa Bbimto BaiDono at Ccnter 




Diatance 

Nominal tite 

Actual tite 

on centera 
(inohet) 

2X4 

IH X 3H 

12 

12 

12 

16 

16 

16 

2X6 

IH X bH 

12 

12 

12 

16 

16 

16 

X 6 

2>4 X 6H 

12 

12 

12 

16 

16 

16 

3X6 

j 

2^4 X 6>i 

12 

12 

12 

16 

16 

16 

2X8 i 

X r>i 

12 

12 

12 

12 

16 

16 

16 

16 

2H X 8 

2H X 7H 

12 

12 

12 

12 

16 

16 

16 

16 

8X8 

2H X 7H 

12 

12 

12 

12 

16 

16 

16 

16 


Per linear foot of partition 


Height (feet) 

Safe load* 

Weight 

Board 


(pounds) 

(pounds) 

feet 

8 


3,723 

16 30 

6 60 

10 

2060' 

3,180 

19 66 

8 00 

12 


2.631 

22 82 

9 33 

8 


2,793 

13 04 

5 33 

10 

1540 ^ 

2,385 

15 60 

6 33 

12 


1,974 

18 00 

7 33 

8 


5,767 

25 30 

10 00 

10 

3200 

4,926 

30 56 

12 00 

12 


4,076 

35 42 

14 00 

8 


4.326 

20 24 

8 00 

10 

2400' 

3,699 

24 03 

9 50 

12 


3,057 

27 83 

11 00 

8 


' 9,079 

34 30 

12 50 

10 

4330 

8,250 

41 16 

15 00 

12 


7,422 

48 02 

17 60 

8 


' 6,808 

27 44 

10 00 

10 

3250^ 

6,187 

32 59 

12 00 

12 


5,566 

37 73 

13 75 

8 


11,823 

42 00 

16 00 

10 

5300 

10,992 

60 40 

18 00 

12 


10,175 

58 80 

21 00 

8 


' 8,868 

33 60 

12.00 

10 

3970 

8,244 

39 90 

14 25 

12 


7,630 

46 20 

16 50 

8 


7,692 

33 80 

13 33 

10 

' 4200< 

6,570 

40 56 

16 00 

12 

5,436 

47 32 

18 66 

14 


4,315 

54 08 

21 33 

8 


5.709 

27 04 i 

10 66 

10 

3200 

4,927 

32 11 

12 66 

12 

4,077 

37 18 

14 66 

14 


^ 3,236 

42 25 

16 66 

8 

1 

12.382 

46 80 

16 66 

10 

5900< 

11,252 

56 16 

20 00 

12 

10,122 

65 52 

23 33 

14 


9,008 

74 88 

26 66 

8 


f 9.286 

37 44 

13 33 

10 

4420 

1 8.439 

44 46 

15 83 

12 

] 7,691 

51 48 

18 33 

14 


[ 6,766 

58 50 

20 83 

8 


16,124 

57 20 

20 00 

10 

7220' 

14,990 

68 64 

24 00 

12 

13.877 

80 08 

28 00 

14 


^ 12,743 

91 52 

32 00 

8 


12.093 

45.76 

16 00 

10 

6420 < 

11,242 

54 34 

19 00 

12 

10,408 

62 92 

22 00 

n 


9.567 

71 50 

25 00 


AwttoniHMMwaai (aodiiMl). 

*lhh la Ant —— ■■ HnitaA bv bMiiac on top nnd bottom idntm nt StO lb. por oq. u. 
i« maui «• BmtIMi br ooltwn mMob (WIntlow'o formtiln with p - 1000 lb. pot *|. in.). 


RofskMMil 





390 HANDBOOK OF BUILDING CONSTRUCTION [Sec. 8-66 

Tffpicai JcUt Jff.«~Sinoe the oeilixig must be ooatinuoue, the eame eiee of joists will be oobtinuod for the shorter 
span. 

Header ff,—-The load coming on this beam from the floor is a girder load. Consequently, the uniformly dis¬ 
tributed floor load ■* (14)(8) (08) * 7616 lb. The partition lumber will weigh 18 lb. per lin. ft. (see Table 1). 
Adding plaster for two sides at 5 lb. per sq. ft, per side, gives a total load per linear foot of 18 + (12) (10) « 138 lb. 
The partition load on the header therefore * (14) (138) * 1930 lb. Total load on header - 9546 lb. Prom Table 
9, p. 113, it is found that a 4 X 14-in. timber on a 14-ft. span will carry 9764 lb. in bending, and 9415 lb. as limited 
for deflection. Again reducing the dead load to equivalent live load, wo have, 

(14)(8)(20)(l>i> - 2,987 
(1930) (IH) * 2,570 
Live load * (14) (8) (48) » 5,370 


10,927 Ib. 

This load is 16% in excess of the limiting load for deflection for a 4 X 14 in. On the other band, the safe load 
as limited by deflection for a 6 X 14 in. is 13,808 lb., which is 47% too heavy, and the actual span is 13 ft. 8 in. 
instead of 14 ft. 0 in. A 4 X 14 in. will therefore be used. 

Trimmer C —Uniform partition load == (13S)(20) = 27IK) 

Cniform floor l<*d - - 1040 

2 _ 

Total uniform load 3800 lb. 

Since there is a concentrated load on this header, also a portion of a uniform load, in addition to the uniform floor 
load figured above, we will compute the maximum bending moment. Pig. 67 represents the actual loadings 
diagrammatically 



The live load acting as a concentration (the reaction of Header H) is a girder load for which a 20reduction 
may be taken from the live load for joists. 

The concentrated load at P is, therefore, 

Floor - (7) (8) (68) « 3810 
Partition - (138) (7) « 966 


The portion of uniform load on the trimmer not yet considered 
Bending moments and reactions: 

Uniform load of 3800 lb. 

M » (H) (3800) (20) • 9500 ft.-lb. 

1900 lb. 

Concentrated load: 


4776 lb. 

- (78)(16)(H) 


Rt 

Rt 


(4776)(16) 

20 

(4776)(4) 

20 


toall uniform lood: 


M - (3820)(4) 


Ri - 


» 3820 
« 956 


4776 lb. 

« 15,280 ft.-tb. 


- 8321K 


it m (839!)(4}.l338rt.-lb. (ivproxlmatoly) 


8301b. 
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Fig. 08 fhowi the bending moment oiirvee plotted grephioally. 

The oonetruotion of the parabola of uniform moments is simple, a rectangle being erected on the span with a 
height of 9500 ft.-lb. to scale. The ends and half spans are divided into the same number of equal parts (in this 
<^aee 4), ordinates erected on the span length at these division points, and radiating lines drawn from the center 
of upper side of rectangle to the division points on the sides. The intersection of corresponding radiating lines and 
ordinates fix points on the parabola. The triangle of momem; for the concentrated load is indicated by the dotted 
line. This triangle is increased for the moment of the small uniform load (increase in moment » 1328 ft.4b. 
at a point 4 ft. from left support). The moment of the small load is also computed at a point 8 ft. from the right 
end of trimmer. M *• (12) (332) — 

(4) (415) 2324 ft.-lb. The ordinate 
to the triangle of the moment of P 
is therefore increased by 1328 ft.-lb., 
and the full line drawn to represent 
the increased bending moment, pass¬ 
ing through the point 8 ft. from left 
support that represents the increased 
ordinate of 1328 ft.-lb. 

From the diagram, the maximum 
bending moment is 22,680 ft.-lb. 

Since the depth of floor construction 
is limited to 14 in., it is evident from 
the computations for the joists that a 
fiber stress of 1800 lb. per sq. in. can¬ 
not be used without exceeding the 
allowed deflection. In the case of 
Joist “A** a. 2 X 14-in. joist was used 
when for strength a 2 X 12 in. was 
found to be satisfactory. The ratio 
of the strengths of these two joists is 
3190/2149. In other words, the fiber stress in the 2 X l4-iii. joist approximately "• (2149/3190) (1800) -» 1216 
lb. per sq. in. A fiber stress of 1200 lb. per sq. in. will therefore be used for an approximate solution. Entering 
Table 6, p. 108, we find that an 8 X 14-in. beam, sised to 7H X 13H, has at 1200 lb. per sq. in. a safe resisting 
moment of 22,781 ft.-lb., which is satisfactory. 

Trimmer D. —The calculations for Trimmer D are similar to those for Trimmer <7. No uniform partition load 
ocoum on the trimmer. However, there exists a stinr load at the left-hand end. The dead and live load for the 
stairs will be assumed at 75 lb. per sq. ft. ((L. L. 75) (80%) + (D. L. 16)1 * 75 lb. per sq. ft. The reaction of the 
stairs will therefore * (7)(4) (75) *» 2100 lb., carried by two stringers. Only the reaction of one stringer applied 
4 ft. out from the left end. need be considered. This concentration, added to the concentration from Header 
i7, gives a total concentration of 4776 + 1050 « 5826 lb. 

For simplicity it will be assumed that Trimmer C takes a load equal to that of Joist ** A," or 2080 lb. 

M - (H) (2080) (20) - 6200 ft.-lb. «i - E* - 10401b. 

Concentrated load: 

„66lb. 

Jir - (4060)(4) - 18,640 ft-lb. 

The diagram for bending moments is shown by the dot and dash lines in Fig. 68. The maximum bending 
moment is approximately 22,800 ft.-lb., so an 8 X 14-in. timber will be used. (5700) (IH) 

The maximum vorticiU shear is 6700 lb. The maximum intensity of horisontal shear is therefore ( 7 W) (i 3 j,^) 
•> 80 lb. per sq. in., which is well within the permissible unit stress. 

67. Roof Constnictioa. 

67a. Thickness of Sheathing.—Except in mill constmetion, the thickness of 
roof sheathing is seldom over 1 in. nominal, or in. finished. For roofs with a finish of tar 
or asphalt and gravel, or prepared roofing, either built up on the job or ready roofing, the sheath¬ 
ing should be dressed and matched and of good quality, not less than No. 2 Common, The span 
of sheathing of this size is usually limited by deflection, rather than strength, although the 
streukgth should always be investigated. Roofs are always walked upon at some time or another, 
appreciable deflection of the sheathing will tend to break off the tongues of tongue-and- 
grooved lumber. £6iiplap, instead of tongue^d-grooved lumber, may be used. The two 

seetiioiisatediown in Figs. 69and 70. . « . 

9T6* theloof joistssupixiittfaeceil^ theira^iag 

rtiKMilid Wt exe^ IfllttTw this fa the Bmiting spaa for wooden laths with plaster oeiUng. 


Trimmer C'Moment ^firn^rD- 

tokrlunifyrmlocKtcf^Jb. fUnifbrm hoof onfy 


4’0- 




cenfrafion 

p/us momenr etrpW 
par/ta/ /oad of 
(Trimmer C-Mpr^n/^ 
\roncerf/ref/tof 7 \ 4776 lb.y 

^ Trimmer D- 
Moment of concentrafion 

Fxo. 68.—Diagram of bending moments for Trimmers C and D. 
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On the Pacific Ck>ast, where no enow, or at most very light snow occurs, the spacing of roof 
joists, when no ceiling must be provided for, is commonly taken at 24 in., and in cheap con* 
struction the spacing is made 32 in. ^ 



grooved flooring Pia. 70 —Section of 2 X S-in shiplnp 


57c. Arrangement of Girders or Trusses.—The arrangement of girders and 
trusses is a matter worthy of study in any building. Usually there are requirements of interior 
arrangement which dictate the spacing of columns. 

Trusses are most economically spaced at approximately 16 to 20 ft. Three methods of 
framing the roof joists or rafters may be adopted: (1) Supporting the joists directly on the 
upper chords; or (2) placing roof girders or purlins at the panel points of the trusses and 
spanning the bays between purlins by light rafters; or (3) providing purlin trusses at certain panel 

points and spanning between the 
purlin trusses by means of rather 
heavy rafters, or roof joists There 
are, naturally, advantages and disad¬ 
vantages to each system. CJonsider- 
ing vertical loads above, the particular 
building involved may carry with it 
some special reason for adopting one 
method in preference to the others. 

Fio 71 — Detail of typical roof bracing trues From the Standpoint of cost alone, it 

will usually be found upon investiga** 
tion, that, if the different systems are designed correctly and consistently, there wUl be little 
difference in cost. In some localities, the relatively high price of steel compared to lumber 
may warrant a minimum of truss work and the emplo 3 rment of laiger sizes of lumber. In 
other localities the cost of securing the larger sizes of joists may make small spans advisable. No 
hard and fast rule can be laid down. 

57(1 Bracing Trusses.—Bracii^ trusses are a necessity in long truss spans; 
in fact, the writer recommends that all roof trusses over 20*ft. span be provided with at least 



one bracing truss, and that, in general, 
bracing trusses be placed at a spacing 
not greater than 15 or 16 ft. The brac¬ 
ing trusses may be utilized as purlin 
trusses if properly in*oportioned. They 
should be of the fu^ depth of the main 
truss, and well connect^ thereto. The 
compression chord of a main roof truss 
needs to be supported laterally for 
column action; the bwer chord should 
also he stayed laterally for general stiff* 
nesi of the building, if for no other 



Fic. 73. — Kxum bmee fystem of tiUM bfsdas* 


KtfHUii. Siidli taadag tnumi nwy be buule up of dimenaion lumber end aptked or bdted 
aad tbos ^ve « ootnpaistiirdjr eheap, and «i tiie nme time, eSaetimi ooaikrttetk>». 
.A 1g*|i<eitl oxample of sueh a braciiig trun ia afaown in 71. Attantion k eaUid to tbe 
aaatiM of (d^ida, abo to the detaOa for eonneetioa to the main truaaaa. 

., AKMAhIr matiM for providins laiwial at^lbuM jn idw roof tmai/m k ahown in 1%. 7$. 
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tween the double joists, and the bottom of these struts fitted against and attached to the lower 
chords of the truss. 

Tb« aotual streMes coming upon a bracing tniM are uBually indeterminate. With study of the roof fratning 
plan, however, a definite scheme of wind bracing may be provided, in which the bracing trusses wUl plar* a vital 
part. The whole roof, or one side of the roof, may be regarded as a horisontal beam, or truss, transferring the wind 
reactions delivered thereto from the side walls to the end walls, or to columns and walls. Following out this 
scheme, diagonal rods may be placed in the plane of the upper chords of the roof trusses. 

Fig. 73 shows an arrangement of roof trusses, bracing trusses and diagonal rods for an assumed small build** 
ing of the mill**building type. When the length of a building is three or more times its breadth, and such building 
is only moderately high, the diagonal rods may very frequently be omitted in some of the outer side bays. It may 
also be possible, without endangering the rigidity of the building, to make some of the lines of bracing trusses noii' 
continuous throughout the length of the building. For example, in Fig. 7.3, were the building twice as long as shown, 
it might be entirely consistent with safety to omit alternate bracing trusses in the first and third lines, keeping the 
center tine of bracing continuous. It must be obvious that the exact arrangement of bracing in a roof is almost 
entirely a matter of judgment, but judgment based on an understanding of the fundamental principles of structural 
mechanics and experience in design and construction. While it is granted that the actual stresses in a roof due to 
writtd are impossible to find, an assumption of a reasonable wind pressure and a definite and logical system of brac¬ 
ing consistently followed out in all details will insure a much safer structure than a hit-or-miss ** or " rule-of-thumb** 
procedure, and will also result in a more economical building than one composed of heavier sections, poorly braced. 



Fxa, 73.—Diagrammatic plan of typical roof bracing. 


Fiu 71.—Typical details of connection of 
bracing rods to upper chord of roof truss. 


Two typical details of connections ot such diagonal rods to the roof trusses aie shown in X^ig. 74. In Fig. 
74(a) the ro 4 ^ are passed through holes bored diagonally through the chord, and fitted with special beveled cast- 
iron washers. In Fig. 74(6) a steel plate is lag-screwed to the chord, and connection between plate and rods is 
secured by means of clevises and pins. If the roof joists are supported directly upon the upper chord, these plates 
will probably have to be attached to the lower side of chord. In such a case, the plates should be fastened to the 
chord while the truss is on the ground. It may be taken for granted that such connection, if made after the truss is 
ereeted, will be poor. It is difficult, at best, to make a carpenter screw lag-screws into place, and it is almost cer- 
taiHf if placed by a man on a scaffold, that the work will be poorly done. 

Obviously, the system of diagonal bracing rods just described may be placed in the plane of the lower cherds 
ol the trusses, provided that bracing trusses exist to form the chords of the wind resisting truss. Provision must 
be made for supporting the rods to prevent them from sagging. 

Oiagoiial rods in the plane of the roof framing, placed in the outer bays, are an excellent thing; they enable the 
building to be *' squared up** ana will do much to prevent racking of the roof due to wina, with possible consequent 
breaking of skylights. Re-tightening of these bracing rods will be necessary from time to time as shrinkage of 
the timber takes place. 

57g. Saw-tooth Roof Framing.—Saw-tooth roofs are constructed with inolined 
or vertical faces, the former being perhaps more generally used than the latter on account of 
better diffusion of light. From the standpoint of maximum efficiency in diffuse lighting, the 
saw-teeth should face north with the faces inclined at an angle of 25 to 30 deg. with the vertii^. 

The saw-tooth with vertical face is somewhat easier to construct and is less likely to give 
trouble leakage ii-nd condensation than the inclined face construction. In the latter 

isfp^ them dkoald be no horiiontal mullioiis in the windows, since water would stand on these 
and eventually leak thmugb. Further, oondeneation will tend to take pla(^ on the inner side of 
thi inoihied and drop vertically on the contents of the building. 

In tfpss «f sUttStrueUtio, dutiful Mteution muet be given to the ileeigu of the wiedowe, whetlier fixed or 
ruw midei* tlie window sill and form gu iimide coiidewegtlou gutter dixchurgtug 












394 


HANDBOOK OF BUILDING CONSTRUCTION 


[Sec. 8-67e 


into conduoton. Double ebuiog ia (ometimes emplojred la the more northerly latitudes on eooount of its non- 
conducting qualities. 

Some typical details of saw-tooth roofs are shown in Figs 75, 76, 77, 78 and 79. 

The roof planking should bo at least 3 in. in thickness, tongued-and-grooved or splined, spanning 8 to 10 ft. 
between the inclined roof beams. The valleys between the saw-teeth should have an inclination of not leas than 



Cross section through typical saw tooth. 

Fig. 75. 


Partial elevation of saw tooth. 




H in. to the foot, and the conductors should be spaced not more than 50 ft. apart. The construction of the sloping 
valleys Is easily aoeomplished by blocking between the structural members of the frame. 

Fig. 75 illustrates a typical eonatruotion with inclined faces. The roof ioiste are supported at their upper 
ends on incHned^posts, and at their lower ends by joist-hahigets on the roof girders. Tie rods are shown at the foot 
of each inclinedioof bifMn to prevent the roof from spreadilig. While the construction shown in this hgure may be 
«li^med i»tahdara,^^b|c^on chh be raised ^1) to the use,of Joist-bgngers, (2; to the use of small tie rods exposed to 
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fire and tending to sag, (3) to the absence of any horisontal members at the top of posts to ihrustt and (4) to 
the absence of general stiffness of frame to horisontal forces. 

In Figs. 76 and 77 the above objections are largely met by bringing the inclined roof beams to rest on the top 
of the girders and the substitution of pipe ties between the roof girders. These pipe ties, fitted with standard flanges 
and bolted through the girders, have the advantage over rods of being able to take both tension and compression 
and also of not lequirmg hangers to prevent them from sagging These pipes, however, must be of fairly large 
size in order that they may be of value as compression members. The ratio of length of member to radius of gyra¬ 
tion should not exceed 175. This construction, however, still gives metal exposed to fire. 

Figs. 78 and 79 illustrate an all-timber type of construction. These details, drawn for both the inclined and 
veitical face tsrpes of saw-tooth, furnish a simple and effective construction. A somewhat higher building is re¬ 
quired by this construction than with that of Fig 75 but the general stiffness gained, and the absence of exposed 
metal, will more than offset the cost of increased height of walls. 

58. Mill Construction.^—Tlio preceding discussion in this chapter has related to timber 
framed floors and roofs in general. This article treats very briefly and in a general way of the 



Fig. 80 —Standard mill construction. 



Fig. 81.—Mill construction with laminated floor. 


special type of construction known as '^Mill Construction,^’ or ^^Slow-burning Mill Construc¬ 
tion, ” so-called because it was developed for use in factory or mill buildings in the New England 
states. In this construction all timbers, as posts, girders, and joists, are made of large section; 
joists are eliminated as far as possible, by substituting a heavy thick floor sufficient in strength 
to span some feet. The result gives a building having large areas of flat ceilings, and heavy, 
solid masses of timber in girders and posts. Such a structure in case of fire will tend to char 
rather than bum, and all parts are easily reached by the water from the automatic sprinklers. 
This type of building, properly sprinkled, takes a comparatively low insurance rate. 

In the bulletin^ ** Heavy Timber Mill Construction Buildings, ’’ published by the Engixmr- 
ing Bureau of the National Lumber Manufacturers Association, mill construction is divided 
into three classes as follows (see Figs. 80 to 84 inclusive): 

1 See also the following ehepter by K. W. Dean. 
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1 Floors of hoav> plank laid flat upon large gu'ders which are spaced Irom 8 to 11 ft on centers These gtr> 
ders are supportea wood posts or columns spaced from 16 to 25 It apart This t 3 rp 6 is often referred to as Stand 
ard Mill Construction 

2 Floors of heavy {flame laid on edge and supported by girders which are spaced from 12 to 18 ft on centers 
These girders are supported by wood posts or columns spaced 10 ft or over apart, depending upon the design of 
the structurL This type is called Mill Construction with Laminated Floors 

3 Floors of heavy plank laid flat upon large beams which are spaced from 4 to 10 ft on centers and supported 
by girders spaced as far apart as the loading will allow These girders are earned by wood posts or columns located 
as far apart as consistent with the general design of the building A spacing of from 20 to 25 ft is not uncommon 
for columns in this class of framing where the loading is not ext essive This type is more generally known as bcmi- 
Mill Construction 



Fia 82 —Semi>mill construction beams in hangers 



Fxo 83 —Semi-mill construction, beams «n Fia 84 —Detail of column and girder 

top of girders construction w ith cast iron pintle 


The following clauses from the Building CJode recommended by the National Board of 
Fire UnderwnterS) also define m detail the timber construction classed as mill constructions 

Definition Mill Construction (also called Slow-burning Construction ) is a term applied to building* 
having masonry walls and heavy timber mtenor construction with no concealed spaces Such buildings an^ usu¬ 
ally occupied for factory purposes, and should always be protected by a system of automatic sprinklers 

Columne and Girder8 or Floor Timbers 

1 Columns if of timber shall be not lees than 8 in in smallest eross-eectiona! dimensions and all corners shall 
be rounded or chamfered 

2 Wooden columns shall be superimposed throughout all stories on iron or steel post caps with brackets 

Note Columns should never rest on timbers, as shrinkage may cause them to sag 

3 Iron or steel columns or girders may be used if protected, as follows: Steel girders and steel or iron ootumns 
which support masonry walls, other than those facing upon a street, shall be protected by at least 2 m of fire¬ 
proofing or by 2 in of metal lath and cement plaster, the latter bemg applied in two layers with an air space 
between them AU other iron or steel columns ahall be protected by at least 1 in of metal lath and cement plaster 
or its equivalent 

4 Wooden girders or fioor timbers shall be suitable for the load carried, but in no ease less than fi in eliber 
dimension, and shaU rest on iron plates on wall ledges and where entering wells shall be seU-rdeashii Walls mar 
W corbeled ont to support fioor timbers where neceisarr. Hie eorbefing shell not exceed 2 in 

6 8o far as ^^ossible, girders or fioor timbers shafi ^ MlNd* itiek, 

fi Where w#oden bfisms enter walls on opposite sides, ^ere shad be at leact 12 in of matMmry between ends <d 
bessps, and in no Ofse stind *hcy enter more than one-quarter the thtsknese of the wall 
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7. Width of floor bays slisU be between 6 and 11 ft. 

Note: The practice in '’mill" construction of supporting the ends of beams on girders by means of metal stir* 
raps or bracket hangers is objectionable. Experience has shown that such metal supports are likely to lose their 
strength when attacked by fire and so cause collapse. 

Floors: 

1. Floors shall be not less than 3»in. (2^-in. dressed) splined or tongued and grooved plank covered with I>in. 
(^^4n dressed) flooring laid crossways or diagonally. Top flooring shall not extend closer than M in. to walls so 
as to allow for swelling in case floor becomes wet. This place shall be covered Ly a moulding so arranged that 
it will not obstruct movement of the flooring. 

2. Waterproofing shall be laid between the planking and the flooring in such manner as to make a thoroughly 
waterproof floor to a height of at least 3 in. above floor level. When there are no scuppers, the elevator or stair¬ 
wells may be used as drains for the floors, in which case the waterproofing material need not be flashed up at these 
points. 

3. All exposed woodwork in interior construction shall be planed smooth. 

Roofs, Skylights, and Cormces: 

1. Roofs shall be of plank and timber construction and flat, except fi>r pitch necessary for proper drainage. 
Plank shall be not less than 2H iu. (2^4 in. dressed) splined, or tongued and grooved. Timbers shall be not less 
than 6 in. either dimension and shall be single stick 

Both roof timbers and planks shall be self-releasing as regards walls 

Note: The saw-tooth form of roof is considered satisfactory, although not quite the equivalent of a flat mill 
constructed roof. 

Partitions: 

Partitions shall be constructed of incombustible material or of 2-in matched plank or double matched boards 
with joints broken, preferably coated with fire retarding paint. 

Note: Ordinary paint is not objectionable, but varnish or shellac is very undesirable 


The following description of laminated floors is taken from the bulletin of the National 
Lumber Manufacturers Association referred to above: 

If heavy loads are to be carried on long spans, planks 6 or 8 in. wide are set on edge close together, firmly 
nailed at each end and at about 18-in. intervals with flO-D nails, alternating top and bottom, thus forming a ** lam¬ 
inated floor.'* Each of these floors is covered with two or more thicknesses of waterproof paper or similar material 
and then by a top, or wearing, floor laid at right angles to the direction of the underfloor. Material is sur¬ 
faced on all sides and edges of plank beveled to serve as a flnish on the ceiling below. 

Where plank floors are laid flat, the boards should be two bays in length if possible and laid to break joints 
every 4 ft. With laminated floors, it may be diflEioult to obtain plank two bays in length. In such a case, the planks 
may be laid with the ends extending between centers of girders with one plank laid across the girder at frequent 
intervab (every sixth or eighth piece) to act as a tie in the floor. Or, by another method, the ends of planks should 
join at or near the quarter point of the span between girders, taking care to break joints in such a way that no con¬ 
tinuous line Bcroes the floor will occur. 

In laying laminated floors, it is advisable to omit the last two planks at walls until after glazing and roofing 
have been completed. Then these spaces should be filled in close against the walls. It is often recommended that 
laminated floors be laid without naiUng to the girders which support the floor, so that expansion in the floors due 
to dampness will not cause movement in the girders at the walls. 

The top-floor may be of softwood or hardwood as use demands. Tongued and grooved flooring is used al¬ 
most entirely. Square-edged flooring is easier to replace when repairs are needed, but wears less around nails, 
thus maki ng an uneven floor. Some of the best buildings have a double top-floor, the lower part of softwood laid 
diagonally upon the plank under-floor, and the hardwood upper part laid lengthwise. This latter method allows 
boards in alleys or passages to be easily replaced when worn, and the diagonal boards brace the floors, reduce 
vibration, and distribute the floor load evenly. The top-floor should always be laid so that the length of the pieces 
is parallel to the direction of the traffic or trucking. Usually this is lengthwise of the building. 

When a laminated floor is constructed of material surfaced four sides^ or of material 
surfaced two sides, there is great danger of dry rot, unless the lumber is thoroughly air seasoned 
or kiln dried. On account of this feature, many engineers prefer to use only rough lumber for 
laminated floors, the slight unevenness of the boards or planking providing enough air spaces 
to prevent dry rot. It is the writer's opinion that the rough flooring, besides being cheaper, 
Mdll give additional security against the decay of the timber. 

^Mbles 2 end 3 give the maximum spans for timber mill laminated floors for thicknesses 
varying from 3 in. nominal to 12 in. nominal, fiber stresses from 1200 to 1300 lb. per sq, in., 
and irom 50 to 400 lb. per sq, ft. 
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In both these tables^ the limiting span is given for a deflection of ^-30 in. per foot of span, 
based on a modulus of elasticity of 1,620,000, Since mill floors in genemJ have no ceiling, the 
deflections taken from this table may be used directly, although, if the permanent deflection is 
desired, a reduced modulus of elasticity for the constant loads should be used. 


Table 2.*—Maximum Spans for Timber Mill Floors 


Fiber stress 1200, 1300, 1500, 1600 and 1800 lb. per sq. in.; modulus of elasticity, 1,020,000 lb. per sq. in. 
The sum of the live load and the weight of the floor was used in calculating the spans. 

In the line marked deflection is given the span which has a deflection of >jso in per foot of span. 

Made of planks on edge, laid close. 


Fiber 

stress 

Span in feet 

Live load in pounds per square foot 

sq. in.) 

50 

100 

125 

150 

175 

200 

225 

1 

I 250 

275 

I 300 

350 

400 




(3i 

11 . Nomi 

nal thick 

ness— 2^ 

i in. act 

ual thick 

ness 




1200 

13' 8" 

10' 1" 

9' 1" 

8' 4" 

7' 9" 

7' 3" 

6'10" 

6' 6" 

6' 3" 

6' 0" 

5' 7" 

5' 2" 

1300 

14' 3" 

10' 6" 

9' 6" 

8' 8" 

8' 1" 

7' 7" 

7' 2" 

6'10" 

6' 6" 

6' 3" 

5' 9" 

5' 5" 

1500 

15' 4" 

11' 3" 

10' 2" 

9' 4" 

8' 8" 

8' 2" 

7' 8" 

7' 4" 

7' 0" 

6' 8" 

6' 2" 

5'10" 

IfiOO 

15'10" 

11' 8" 

10' 6" 

9' 7" 

S'll" 

8' 4" 

7'n" 

7' 7" 

7' 2" 

6'!]" 

6' 5" 

6' 0" 

1800 

16' 9" 

12' 4" 

11' 2" 

10' 3" 

9' 6" 

S'll" 

8' 5" 

8' 0" 

7' 8" 

7' 4" 

6' 9" 

6' 4" 

Defl. 

9' 0" 

7' 4" 

6'11" 

6' 6" 

6' 2" 

S'll" 

5' 8" 

5' 6" 

5' 4" 

5' 2" 

4'11" 

4' 9" 




(4 i 

n. Nomii 

lal thick] 

aess—3^1 

^ in. acU 

lal thick] 

less) 




1200 

18' 5" 

13' 8" 

12' 4" 

11' 5" 

10' 7" 

10' 0" 

9' 5" 

9' 0" 

8' 7" 

8' 3" 

7' 7" 

7' 2" 

1300 

19' 2" 

14' 3" 

12'11" 

ll'lO" 

11' 0" 

10' 4" 

9'10" 

9' 4" 

8'11" 

8' 7" 

7'11" 

7' 5" 

1500 

20' 7" 

15' 4" 

13'10" 

12' 9" 

ll'lO" 

11' 2" 

10' 6" 

10' 0" 

9' 7" 

9' 2" 

8' 6" 

8' 0" 

1600 

21' 3" 

15'10" 

14' 4" 

13' 2" 

12' 3" 

11' 6" 

lO'll" 

10' 4" 

9'11" 

9' 6" 

8'10" 

8' 3" 

1800 

22' 7" 

16' 9" 

15' 2" 

13'11" 

13' 0" 

12' 2" 

11' 7" 

11' 0" 

10' 6" 

10' 1" 

9' 4" 

8' 9" 

Defl. 

12' 3" 

10' 1" 

9' 5" 

8'11" 

8' 6" 

8' 2" 

7'10" 

7' 7" 


7' 2" 

6'10" 

6' 6" 


1 


(5 ii 

1 . Nomin 

lal thick! 

1 

1688—4^ 

[ in. actu 

al thick! 

less) 




1200 

22'10" 

17' 8" 

15' 7" 

14' 5" 

1 

13' 5" 

12' 7" 

ll'll" 

11' 4" 

lO'lO" 

10' 5" 

9' 8" 

9' 1" 

1300 

23'10" 

17'11" 

16' 3" 

14'11" 

13'11" 

13' 1" 

12' 5" 

ll'lO" 

11' 4" 

[ lO'lO" 

10' 1" 

9' 5" 

1500 

25' 7" 

19' 3" 

17' 5" 

16' 1" 

15' 0" 

14' 1" 

13' 4" 

12' 8" 

12' 2" 

5 11' 8" 

lO'lO" 

10' 2" 

1600 

26' 5" 

19'11" 

18' 0" 

16' 7" 

15' 6" 

14' 7" 

13' 9" 

i.r 1 " 

12' 0" 

12' 0" 

11' 2" 

10' 6" 

1800 

28' 0" 

21' 1" 

19' 1" 

17' 7" 

16' 5" 

15' 5" 

14' 7" 

13'11" 

13' 4" 

12' 9" 

ll'lO" 

11' 1" 

Defl. 

15' 4" 

12' 9" 

ll'll" 

11' 3" 

10' 9" 

10' 4" 

10' 0" 

9' 8" 

9' 4" 

9' 1" 

8' 8" 

8' 4" 




(6 in. 

Nomina 

1 thickne 

88»—5f6 

in. actuf 

U thick n< 

sssO 




1200 


20' 8" 

18' 9" 

17' 4" 

16' 2" 

15' 3" 

14' 5" 

13' 9" 

13' 2" 

12' 8" 

11' 9" 

11' 0" 

1300 


21' 6" 

19' 6" 

18' 0" 

16'10" 

IS'lO" 

15' 0" 

14' 3" 

13' 8" 

13' 1" 

12' 2" 

11' 5" 

1500 


23' 1" 

21' 0" 

19' 4" 

18' 1" 

17' 0" 

16' 1" 

15' 4" 

14' 8" 

14' 1" 

13' 1" 

12' 3" 

1600 


23'10" 

21' 8" 

20' 0" 

18' 8" 

17' 7" 

16' 7" 

IS'lO" 

15' 2" 

14' 7" 

13' 6" 

12' 8" 

1800 


25' 3" 

23' 0" 

21' 2" 

19'10" 

18' 8" 

17' 8" 

16'10" 

16' 1" 

15' 5" 

14' 4" 

13' 6" 

Defl. 


15' 4" 

14' 5" 

13' 8" 

13' 0" 

12' 6" 

12' 1" 

11' 8" 

11' 4" 

11' 0" 

10' 6" 

10' 1" 


* From Southern Pine Manual. 

1 Use for laminated floors when made of 2 X 6 and 4X6 pieces. 
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Table 3.*—Maximum Spans fob Timber Laminated Floors 

Fibers stress 1200, 1300, 1500, 1000 and 1800 lb. per sq. in.; modulus of elasticity, 1,620,000 lb. per sq. in. 
'I’he sum of the live load and the weiget of the floor was used in calculating the spans. 

In the line marked deflection is given the span which has a deflection of in per foot of span. 

Made of planks on edge, laid close. 


Fiber stress 


Span in feet 




(lb. per 


Liv'c load in pounds per square foot 




BQ. in.) 


1 






100 

125 150 175 200 

225 1 250 275 

300 

350 

400 



(0 in. Nominal thickness^—6>i 

in. actual thickness) 




1200 

20' 3" 

18' 4" 16'11" IS'lO" 15' 1" 

14' 1" 13' 6" 12'10" 

12' 4" 

11' 6" 

10' 9" 

1300 

21' 1" 

19' 1" 17' 8" 16' 5" 15' 8" 

14' 8" 14' 0" 13' 4" 

12'10" 

irii" 

11' 2" 

1500 

22' 7" 

20' 9" IS'll" 17' 8" IG'IO" 

15' 9" 15' 0" 14' 4" 

13' 9" 

12'10" 

12' 0" 

1600 

23' 4" 

21' 3" 19' 7" 18' 3" 17' 5" 

16' 4" 15' 6" 14'10" 

14' 4" 

13' 3" 

12' 5" 

1800 

24' 9" 

22' 6" 20' 9" 19' 4" 18' 5" 

17' 3" 16' 5" 15' 9" 

15' 1" 

14' 0" 

13' 2" 

Defl 

15' 0" 

14' 1" 13' 4" 12' 9" 12' 3" 

11' 9" 11' 5" 11' 1" 

10' 9" 

10' 3" 

9'10" 



(8 in. Nominal thickness—7^* 

in. actual thickness) 




1200 

26'10" 

24' 6" 22' 8" 21' 2" 20' 0" 

19' 0" 18' 1" 17' 4" 

16' 7" 

15' 6" 

14' 7" 

1300 

27'11" 

25' 6" 23' 7" 22' 1" 20'10" 

19' 9" 18'10" 18' 0" 

17' 4" 

16' 1" 

15' 2" 

1500 

30' 0" 

27' 6" 25' 4" 23' 9" 22' 4" 

21' 2" 20' 3" 19' 4" 

18' 7" 

17' 4" 

16' 3" 

1600 

31' 0" 

28' 3" 26' 2" 24' 6" 23' 1" 

21'11" 20'10" 20' 0" 

19' 2" 

17'10" 

16' 9" 

1800 

32'10" 

30' 0" 27' 9" 26' 0" 24' 6" 

23' 3" 22' 2" 21' 2" 

20' 4" 

19' 0" 

17'10" 

Defl 

20' 1" 

19' 4" 17'11" 17' 2" 16' 6" 

15'11" 15' 5" 16' 0" 

14' 7" 

13'11" 

13' 4" 


t 

(10 in. Nominal thickness—OH 

1 in. actual thickness) 




1200 




20'10" 

19' 5" 

18' 3" 

1300 




21' 9" 

20' 3" 

19' 1" 

1500 




23' 4" 

21' 9" 

20' 5" 

1600 


• 


24' 1" 

22' 5" 

21' 2" 

1800 




25' 7" 

23'10" 

22' 5" 

Defl. 

1 



18' 4" 

17' 6" 

16'10" 



(12 in. Nominal thickness—llH in. actual thickness) 




1200 


• 




22' 0" 

1300 






22'11" 

1500 






24' 7" 

1600 






25' 4" 

1800 






26'11" 

Defl. 




i 


20' 3" 


SLOW-BURNING TIMBER MILL CONSTRUCTION^ 

By F, W. Dean 

Slow-burning mill construction* is the name applied to a long-used type of fire-resisting 
timber building common in New England, especially in textile mills. As now designed by the 
best mill engineers, it consists of brick walls, with heavy transverse wood beams, on top of which, 
for floors, are spiked thick planks at right angles to the beams, and these planks are covered with 
a top floor at right angles to the planks. The planks are grooved on both edges and so-called 

*Fro]ii Sottthsim Pins Mamigl. 

> Use for 2H X 6. 3 X 6, and 6 X 6 pieces, for 2 X S »nd 4 X 6 use table for mill floors (TaUs 2), 

* Appeared in Bngfneer jag^etoe-Beesrd, Vol. 79, No. 39, Bee. 27, 1917. 

* 9ss also tiie preesdins chapter by Henry D. Dew^ 









Fig. 85.—Wall, column and floor details of typical mill conatructiaii. 
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m the Bupport of next, thus stififenmg the floor for isolated loads and prerenting one plank 
roxu movixig vertically relatively to the next (Fig. 86). The spaces between the beams or the 
ba 3 ^ should not be so wide as to require beams at right angles to the beams, or any 
subdivision of the bays. A maximum bay width of 10 ft., except to accomplish a special ob¬ 
ject, is advisable. Wherever any metal is used it should always be deeply buried within the 
wood so that Ere cannot reach it at Erst. 


From the above at will be 
seen that real mill oonstruotion 
contemplates the smallest practi¬ 
cable number of heavy smooth 
beams covered with heavy smooth 
plank in turn covered with a top 
floor. The mass of such construc¬ 
tion, the small amount of surface 
and the smoothness of the surfaces 
make this type of construction fire 
resisting, and merit the name often 
applied to it, of being “slow-burn¬ 
ing." Compared with this, the floor 
and roof construction consisting of 
planks on edge for beams and a 
foot or two apart are kindling 
wood. Mill construction also con¬ 
templates the entire absence of 
concealed spaces and the use of 
such spaces as can readily be 
reached by the spray from the 
smallest number of automatic 
sprinklers. It will readily be seen 
that the spaces between the beams 
of mill construction can be reached 
by a few sprinklers, while with the 
older oonstruotion, many times as 
many sprinkler pipes and heads 
are required to give protection, as 
every part miist be reached by 
the spray. 

The beams of mill construc¬ 
tion afford opportunity for sup¬ 
porting shaft hangers, and the 
shaft hangers and the spaces be¬ 
tween them give room for pulleys 
and belts. If short countershafts 
are to be put up, the wide flat sur¬ 
faces between the beams afford an 
opportunity for attaching them. 



Pintle at Column dr Floor Connection 


M 

Oeam Box 
Elevation Baee of Column 

Fto. 86.--Some special details used in framing mill construction. 



B9. Pintles over Columns Are Fundameatsl to Type.—The method of fastening the beams 
to each other where they butt together, and to the walls, is of great importance in securing 
rigidity. This must be considered in connection with the columns, and it is with respect to 
these and connecting the beams together that architects unversed in this t 3 rpe invariably 
fail. It is well understood that columns should rest end to end upon each other from top to 
bottom fA buildings, but the columns themselves should not pass through the floors and be¬ 
tween the ends of the beams, as Is often done. Proceeding upward they should stop at the 
bottoms of the beams, and begin again at the tops. Between the top of one column and the 
bottom of the one above it l^ere should be a short separate cast-iron column known as a 
^'pintle’' (Fig. 86)* Being of oast iron, which is a material of great compressive resistance, it 
may be very smidl in diameter, and requires only a small hole through the beam to accom¬ 
modate it, of the hole being in the end of one beam and half in the other. Hie lower end 
of the phitle rests on the cap of the lower column and the top of the pintle receives the 
loMr m el the edtiniiA atsmb 
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There are several advantages in this construction. In consequence of it, the beame 
actually butt against each other, and having only a small hole through them (not much ove? 
4 in. in diameter), the ends of the beams are actually over the body of the column and are not 
supported by the overhanging ends of the column cap. If a cap end is burnt off or breaks off 
the beam is held as securely as ever. It is a common thing for architects to carry the lower 
end of a column to the top of the one below, and sometimes both columns are of the same size. 
The result is that the beams are supported by the overhanging ends of the column caps. This 
is dangerous construction, in respect to both strength and fire resistance. The end may break 
if of cast iron, bend if of steel, become soft in a fire and cause the floor to fall. In this construc¬ 
tion most of the cap, and the whole of the part which supports the beam are exposed to the fire. 

The pintle construction, as before stated, permits the beams to butt against each other and thus become per¬ 
fect struts to transmit pressure from one side of the building to the other, and it also gives room to put two iron 

dogs, or ties in the tops of the beams, one on each side of 
the pintle, to tie the beams together. Thus the beams be¬ 
come not only struts but rigid and continuous tics to keep 
the sides of the building in their proper relative positions. 
At the same time the pintles and dogs fulfill the necessary 
conditions before mentioned of being surrounded by heavy 
wood, for the pintles are within the beams and the dogs are 
embedded in grooves in the tops of the beams and covered 
by floor planks. Moreover, the dogs cannot work out be¬ 
cause they are beneath the planks (Fig. 86). 

Where the pintles enlarge at the top to take the upper 
column only, the top edges should be exposed to fire and can 
scarcely be injured. It should not be overlooked that when 
the beams and planks shrink the pintle tops become more 
exposed than at first, and allowance should be made for this. 
It should be observed also tliat the enlarged hole for the top 
of the pintle is in the plank and not in the beam (Fig. 86). 

Still another advantage of pintle construction is that if a floor falls and a column below is knocked over by 
the falling floor or a heavy piece of machinery, it simply tips over on top of the pintle. A column which goes down 
between the beams if knocked over would pry the beams apart, punch a hole through the wall, possibly push it 
over, and cause the beam to drop off the column and fall. Thus the building might be wrecked on account of the 
absence of pintle construction. 

30. Rigidity of Connection is Necessary.—The beams must be connected to the wall in 
such a way that the walls will not be pushed or pulled until after this connection is made, such 
effort only coming from wind pressure or manufacturing strain. The beam ends should rest 
in cast>iron boxes with side wings firmly built into the walls (Fig. 86).' The beams should then 
be made to butt firmly over the columns and be drawn together by driving in the dogs which 
for this purpose have their ends inclined where entering the wood. When this is done one or two 
lag screws should be screwed into the beams through holes in projecting lips of the beam boxes, 
which completes the connection across the building. After this is done the lips of the column 
caps are lag-screwed to the beams thus making the columns stable and preventing the beams 
from pressing against the pintles. Thus the column caps as well as the dogs hold the beams 
firmly together. No attempt should be made to have the pintle fit the hole, as it should be 
free to maintain its position as the beams are moved slightly when the dogs are driven. In 
Cact^ the hole for the pintle should be at least H in. larger in diameter than the pintle (Fig. 86). 

Beams usually end over columns, but if they do not, a hole is bored through for the pintle, 
and dogs are not required. 

Moor beams when double should have no space between them as was formerly provided in 
order to pennit air to circulate between, as these spaces hold fire tenaciously. 

Tbmn a very peroiebue practice of eupporting intermediate croes beams so thst their upper surfaces are 
bvet with those of the beams which they join. This is effected by the use of forged stirrups or commercial beam 
has^gers. When a fire occurs they are easily softened, and give way if they support any material weight, which they 
often do. Beams should never be supported in this way if it is possible to avoid such oonsiruotimit and if they are, 
heavy east-iron beam-sockets should be used lag-serewed to the beams (Fig. 86). The commercial beam-hanger is 
a great menace to the eafpty of buildings, 

«Roofs aiw^aiiie4 supported and planked efter the manner of fioors, using dogi, and the latter should be driven 
belM the briek^ilfork^ built around the anchocs in the waffs (Fig. 88). When there is net a row of o<domtisin the 
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center of the room, the roof beams should not be carried on the slant to the oei<ter of the building and there fastened 
together, with the expectation that a stable roof will result. Horisontal beams should run between the two rows 
of columns next to the center and the roof slant given by wedge-shaped pieces spiked to the beams (Fig. 85). Roof 
beams are not usually secured to the walls by means of beam-boxes, but they might be advantageously employed 
(Fig. 86), especially if parapet walls are used. Wrought-iron anchors spiked or screwed to the beams are generally 
used (Fig. 86). 

61. Special Beam Arrangements Possible.—Sometimes it is desired to have columns 
omitted in every other bay, and the beams that do not rest on columns must be supported by 
longitudinal stringers resting on top of the columns that are used. Many architects in this case 
yield to the temptation to use the beam-hangers disapproved of above, but instead of this the 
stringers should bo lower than the transverse beams by the depth of the latter, and the inter¬ 
mediate transverse beams should rest on top of them, and be fastened thereto (Fig. 85). Thus 
slow-burning construction is fully realized in this detail. The stringers are separated from the 
floor by the depth of the transverse beams, and the space thus provided is very convenient for 
the upper strands of bolting. In this construction vertical shrinkage of the beams is consider¬ 
able, and the pintles, which are long enough to go through both longitudinal and transverse 
beams, should be rather short, so that after the shrinkage the top will not appear materially 
above the floor. 

Floor planks are usually 2H to 5 in. thick and in widths not exceeding 10 in. They should be at least two bays 
long, but there must be enough one-bay lengths to cause breaking of joints. It is not necessary to have every other 
plank break joints; four or five planks of the same length can be laid side by side and the next set can break joints 
with these. Where floor planks arc interrupted by pintles they should be fitted under the pintle to some extent, 
80 that their ends will rest on the beams. This with the splines and top floors will support them. Otherwise they 
should rest on a stick secured to the adjoining planks by lag screws. 

62. Location of Beams.—It is inadvisable to have beams at right angles to the main trans¬ 
verse beams in a factory—^that is, parallel to the sides of the mill. One objection to this is, that 
if they are not at or near the center of the building they cut off the top light. Some architects 
wrongly place such beams against the sides of the building above the windows, and thereby 
prevent the tops of the windows from being as high as they might be, and close to the under¬ 
side of the floor. These beams are hung to the transverse beams by means of the objectionable 
hangers already commented upon, and even intermediate transverse beams are sometimes hung 
to them. If the bays are not too wide intermediate beams are unnecessary, but architects 
often make the bays so wide that they are compelled to use intermediate beams, and this causes 
them to run the planks the wrong way. 

The tops of the windows can be brought to the underside of the floor by building the arch in the next story 
above. The opening which would thus be made above the upper floor is closed by not carrying the arch clear 
through the wall. One course of brick carried down to the springing of the arch is sufficient to close the opening, 
and this is supported by an angle iron spanning the window opening (Fig. 85). If a straight arch is used this 
is supported by anises or other forms of structural material. 

The beams are usually made of long-leaf Southern pine, which formerly came chiefly from Georgia, but the 
name *' Georgia pine ” is now chiefly a name, as such pine comes from any state south of North Carolina, and even 
from Cuba. Beams should be chamfered on the lower edges between bearings for the sake of appearance, and, some 
persons have stated, to do away with corners which readily ignite. 

68. Floor Details.—Floor planks are made of spruce, pine or Pacific Coast fir, planed on 
three sides, grooved for splines, and for appearance slightly bevelled or beaded on the bottom 
edges. The splines are made of clear yellow pine and are always % X IH in. and, as already 
stated, should fit tight enough to require driving in. The planks should end on the centers of 
the beams, and be nailed to each beam with two nails of such lengths that two or three inches 
should penetrate the beams. 

On each side of a room a plank should be left out until the building is well dried, as the 
planks sometimes swell enough to push out the walls. 

On the planks there should be one or two layers of tarred paper, or, better, a paper covered 
' with an elastic material which will fit around the nails securing the top floor, in order to make 
the fioo^ waterproof. Such a lining is intended to continue to be tight around nails alter the 
floomdirink. 
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In Canada» and to some extent in this country, it is the practice to use lor doors, planks on edge nailed to* 
gether horisontally. It is not customary to end these planks over the beams, but anywhere. This weakens the 
floor seriously and should not be permitted. Sometimes, if such floors are very thick, they are not fastened to 
the beams. 

Top floors are usually of square*edged maple of ^-in. nominal thickness, but sometimes thicker. The boards 
are commonly 5 in. wide and should not be less than 6 ft. long. They should be kiln dried, wedged together when 
laid, nailed with two nails 16 in. apart on diagonal lines, with two nails at the end of each board independent of the 
diagonal nailing. Sometimes top floors are laid diagonally, but little or nothing is gained by this and the cost is a 
little more. All nails should be set and the floor planed if it is not smooth enough without it. 

Steel beams are used somewhat in mill construction buildings, but are not liked by the insurance companies 
as well as wood. They tolerate them, however, trusting to sprinklers to keep them cool in case of fire, and con* 
aider that a fire will be confined to one story. Their advantages are that piers are not cut away by their use as 
in the case of wood and can therefore be narrower, thus increasing the window width, and columns can be farther 
apart. The beams should be laid on the walls as the work proceeds, with one brick course fitted around them in 
the face of the wall, and the pocket thus formed filled with cement grout. The brickwork can then proceed and 
the wall is not reduced in cross se ction where the beam enters. If steel beams are used, pintles should not be 
omitted. 

64. Anchoring of Steel Beams.—^The anchoring of steel beams in walls is not quite so de* 
sirably accomplished as with wood. The common way is to have a couple of short pieces of 
steel angle riveted vertically to the web near the end of the beam to anchor it, and build the 
beam in as described above. The beam can be drawn up to the pintle before this is done. If 
the beam falls in a fire it will pry out some of the brickwork. A beam-box could be used, as in 
the case of wood beams, and bolted to the lower flange of the beam before the box is built into 
the brickwork. The beam and box could then be slid as the beam is drawn up to the pintle. 

Square or rectangular pintles look better with steel beams than round ones, as the beam ends fit against them 
better (Fig. 87). Sometimes the lower flange is bolted to a bracket cast on the bottom of the pintle and sometimes 
the web is bolted to an appropriate projection on the pintle. The best way is to rivet angles to the web, and 
bolt the beams together by means of bolts passing through oblong holes cast in the pintle, as in Fig. 87. Care 
must be taken to have the beam rest over the top of the column and avoid transverse stress in the pintle brackets. 

66. Roofs.—The remarks on floors will apply to roofs, except that spruce sometimes warps 
and turns up its edges so that it may injure the roof paper. The standard slope of mill roofs 
is 3^ in. per foot. 

Concerning roof coverings, there are many different makes, any of which will be furnished 
with a guaranty of five or ten years. Tar and gravel are very satisfactory and should be five 
or six plies thick. Thick roof coverings of this kind are important in some places on account 
of their insulating qualities which assist in preventing condensation of hmnid atmosphere on 
the underside in cold weather. 

The undersides of roofs and floors are sometimes painted white, but the cracks between the planks make them 
look bad, although the lighting effect is good. Likewise, brick walls can be painted, but the natural brick looks 
better. Brick looks best when washed down with add and oiled 

66. Columns and Walls.—Columns are usually made of long-leaf Southern pine and should 
be carefully selected for straightness of grain and freedom from defects. It is very important 
that the ends should be square with the axis, and when the columns are round this is easily 
accomplished in the lathe. Wood columns are often made as small as 6 in. square, but they are 
vexy apt to spring and in hot factories this is true of columns of any size. Practically, it is 
better to have 8 in. the minimum size. Pipe columns filled with concrete are used, but the 
mutual insurance companies consider wood columns a better fire risk, and where the pipe con¬ 
crete columns are used they prefer to have a reinforcement placed inside, this being strong 
enough to support the load (Fig. 87). The stock companies do not require this. This type of 
column without interior reinforcement went through the Salem fire successfully. Even with 
these columns, or those of cast iron, pintles diould be used. Both ends of pintlefl should be 
faced off square and likewise the surfaces with which they come in contact, and pintles for square 
columns should have a circular face on which the column rests so that it can be faced in a lathe 
or boring mffl (Fig. 86). 

Wood tflicaiis immlr botsd sad hsim Mds at tsp sad hmm* Iht b t a aftt of this ' 
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The upper end lower ends ot wood oolumna should be treeted with e preservative, especially the lower ends, 
as they are frequently wet from washing the floors. 

In buUding each a factory some designers have slanted the piers between windows inward on the outside of 
the buUding. This is expensive and uselesst and it ifliould be kept in mind that the center of pressure coming 
from the weights should be as near the center of the foundation as possible. By stepping the walls back 4 in. or 
more at each floor on the inside of the building, or at every other floor, this is partly accomplished and the outside 
of the pier can be kept vertical (Fig. 86). If the pier is inclined or made like a stepped buttress on the outside, 
the result is that the foundation will be eccentrically loaded. These inclined or buttressed pieces accomplish 
nothing desirable. 

Basement Floors.—If a wood floor is desired in the basement the best way is to make 
a tar concrete and wood floor, as follows: The earth should be lilled-in layers 6 in. thick and 
rammed level. On top of this there is to be a layer 3 in. thick of hot tar concrete laid and rolled 
firmly and level, the upper in. being of fine material laid hot and well rolled to prevent mois¬ 
ture from coming through. On this there is to be a layer of unplaned square-edged plank 2J^ 
to 4 in, thick, laid close. The plank should be kyanized or treated with other preservative to 
prevent decay. A top floor is then laid at right angles to the plank and well nailed. The plank 
need not be splined, because there is no chance for vertical movement. 

It is not well to use sleepers, as it is diSicult to surround them properly with tar concrete and difficult to 
get them level, and they accomplish nothing. A floor as above described is a heavy solid mass and is bound 
together by the top floor. Experience shows that it is satisfactory without being tastened to anything and is 
suitable for holding any machinery that does not require foundations It is good where wet processes are carried on. 


FLOOR AND ROOF FRAMING—STEEL 
By H, J. Burt 

68. Floor Construction and Fireproofing.--Steel floor framing may be used with almost any 
form of floor construction. The design of the steel work is governed thcrt'by. Hence, the 
details of the floor construction including fireproofing, if any, must be determined as a prelimi¬ 
nary to the design of the steel. 

68a. Wood Floors.—It is not usually desirable to use steel with wood floor con¬ 
struction, but occasionally conditions warrant it. The following combinations may occur: 

(а) Ordinary wood joist construction with steel girders, the joists being closely spaced for supporting a plastered 
ceiling; and for supporting a sub-floor and finished floor of ^-in. boards. There may bo a layer of concrete or 
cinders between the sub-floor and the finish floor. 

(б) Mill oonstruetion having wood joists and steel girders, the joists being spaced 4 to 6 ft. apart. 

(c) Mill construction having steel joists and steel girders, the joists being spaced 4 ft. or more apart. 


Pia. 89.—Bracket on web of steel girder to 
support wood joist. 

^though in the above cases fireproofing is seldom used, it is, nevertheless, very desirable. 
Tile is most economical for this purpose, but concrete may be used. To provide complete pro¬ 
tection, it must be put on before the wood is placed. In case (a), some protection for the lower 
flange can be provided by covering it with metal lath and cement plaster. 

In ease fa), the simplest detail is to rest the joists on top of the girders. If headroom under the girders is a 
ooceideratkMib the ioiite may be framed to the eides of the girders, resting on wood strips, shelf angles, or the bottom 
hinge of wide flange beams (Fig. flfl). II the girder is fireproofed, stirrups must be used. 

la ease (h>, the woodioiste asay feet on top of the girders, if headroom govams, be carried in etirrups. If 
th? depth of girder permits, bitekets may be riveted to the id^der web (Pig, 89). 




PiQ. 88.—Detail of framing of wood joists to 
steel girders. 
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In case (c). the wood floor may rest diraotly on the steel joists and be fastened thereto by small railroad spikes 
driven from below so as to enga^ the flange of the beam (these can be readily driven with a compressed air ham¬ 
mer); or a nailing strip may be bolted to the top flange. In this construction, it is not practicable to fireproof the 
top flange of the girder, but fairly good protection can be had by encasing the bottom flange and the web with tile 
after the floor is laid. The wood will furnish considerable protection to the top flange. 

686. Tile Arch Floors.—Tile arch floors sei’ve to furnish the sub-floor construc¬ 
tion and the fireproofing of the steel joists and girders (Fig. IK)). The finish floor may be con¬ 
crete or a wood flooring. 

A practical rule for the relation of depth to span Ls that the span in feet shall not be more 

than % the depth of tile in inches, 
or a ratio of 9 to 1. The depth 
of tile, depth of joists, and spac¬ 
ing of joists (or span of tile arch) 
are so related that they must be 
considered together, taking into 
account the following: 

For a given spacing of girders, 
there is gi eater economy of steel 
if deep joists are used spaced as 
far apart as their strength will permit. It is desirable to space joists .so that they will divide*, 
the panel equally, having joists on column lines. The depth of joist controls the total thickness 
of floor constnjction, and the greater this thickness, the greater is the dead load and its cost. 
The arrangement is indicated in Fig. 90 which shows the total depth to be 6 or 7 in. more* than 
the depth of joist. 

Tile arch sets, in place, weigh approximately as given below, but these weights will vary and 
must be checked locally. 


,5fee pens 



^asfwncf cet/try- ^ 

Fig 90.—Section of flat tile arch floor. 



Weight per 


Thickness 

square foot 


(inches) 

(pounds) 

Max. span 

8 

28 

6 ft. 0 in. 

10 

32 

7 ft. 6 in. 

12 

36 

9 ft. 0 in. 

14 

40 

10 ft. 6 in. 

16 

46 

12 ft. 0 in. 


As an illustration, assume a panel 20 X 20 ft. It may be divided into 2, 3, 4, or 5 sub-panels, having widths 
respectively of 10 ft. 0 in., 6 ft. S in., 5 ft. 0 in., and 4 ft. 0 in. Assume a live load of 100 lb. 

For trial, assume a 12-in. joist with a total floor thickness of 19 in. Then the loads may be computed as 
follows: 


Wood flooring.K in. . ^ 

Cinder fill . in. 28 

Arch set. .14 in. 40 

Steel joists . ...'. . . 7 

Plaster. H in. . <> 


Partitions (aver 

Total dead load 
Live load., 

Total load. 

For a 104n. beam, the tile arch will be 12 in., deereasins the load 4 lb. per sq. ft. and making the total 206 lb. For 
a I5«in. beam, the tile ar^b wilt be 16 in. and the cinder HI 4H increasing the load 14 lb. per sq. ft. and making 
the total 224 |b. Foran IS^in beam, the tile arch will be 14 in. with a 6»in. filler tile and 81^ in. of cinders, Ui* 
ereasing the lm^22 per sq. ft. and making the total 2321b. 


19 in. 


■age). 


85 

25 


110 

100 


210 lb. 
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For thene loads, b«^ani st^ctions required and their eomparative weights for respective subpanel widths are: 


Spacing 
10 ft. 0 in. 
6 ft. 8 in. 
f) ft. 0 in. 
4 ft. 0 in. 
4 ft. 0 in 


Beam sections 
18-in. 46-lb. I 
15-in. 36-lb. I 
12-in. 35-lb. I (scant) 
12-in. 27H-lb. I 
10-in. 40-lb. 1 


Comparative weights 
Ob. per sq. ft.) 
4.0 
5.4 
7.0 
6.88 
10 00 


\ comparative estimate of costs can now be compiled to determine which floor is cheapest. The flgures here 
used arc for illustration only; and are given in cents per square foot of floor: 


Spacing 

10 ft 0 in 

r> ft. 8 in 

5 ft. 0 in 

4 ft. 0 in. 
12-in I 

4 ft. 0 in. 
10-in. I 

Steel in place at 3^ 

4 0 1b. 

13. Sf* 

5.4 lb 

lG.2ff 

7.0 lb 

21. Oft 

6 88 lb 

20. tM 

10.0 lb. 

30.0ft 

Tile in place at 0 6fl. 

62 0 lb 

37 2i 

46.0 lb. 

27.6^ 

40.0 lb 

24.0c 

40.0 lb. 

24. 011 

36.01b 

21.6^ 

Cinder concrete at 2^. 
Exoees cost of columns, 

Sl’g in. 

07.0^ 

AH in 

09 Oi 

3H in 

07 0< 

BH in 

07 Oi 

3H in. 

07. Off 

girders and foundations 
to carry extra weight at 
0.2^!. 

14 lb 

02.8^ 

22.0 1b. 

04.4^1 







Totals. 


00.8* 

1 

57 2i 

1 

1 * ’ ’ 

52 Oil 


51, 


58 6fl 


This tabulation indicates the 4-ft spacing with 12-in joists to be cheapest, but a closer analysis would probably 
show in favor of the 5-ft spacing because of the smaller number of pieces of steel and tile to be handled. 

If there happens to be close competition between two depths of beams, the effect of the increased height of 
walls and columns may be a determining factor 

Where the height of buildings is limited by law, the floor thickness may become very important, possibly 
affecting the number of stories for the building This may justify the increase in cost of the floor resulting from 
the use of shallower but heavier beams. 

As a conclusion of the foregoing analysis, it is determined that 12-in. joists will be adopted as typical. Note 
that this analysis is given only to illustrate the method used and that prices and beam sections and weights will 
/ary from time to time. 

To prevent joists from spreading from the thrust of the arehes during eonstruetion and in 
outside panels, tie rods an* used spaced 5 to 7 ft. apart. The details are shown in Fig. 91. 

If one end of an arch is supported by a girder deeper than 
tlie typical joist, a shelf angle may be used, or the skew-back may 
be blocked up from the bottom flange of the girder (Fig. 92). 

The typical joist having been determined for a given case, the 
ceiling line is thus established and a deeper joist cannot be used 
in any special situation without projecting below the ceiling line. 




Fia. 91.—Detail of tie ***«• 92.—Support of tile arch at girder, 

rodis in tile arch floor. 


If a shallower joist is used, it is placed hush on the bottom with the typical joist. This is illus¬ 
trated by Pig, 93. 

68c, Concrete Floors.—When a concrete floor is used on steel framing, the con- 
Crete is also used for fireproofing the steel. Whether or not the concrete provides the fioor finish 
is not pertinent to the subject under discussion, only as the weight may be affected. Wood or 
other floor may be pjMted on top of the slab. If fiat ceiling finish is required, some form of 
suspended oeiling will bo attached to or suspended from the bottom flanges of the joists. 
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The combinations of concrete floor and steel framing most frequently occurring are: 

(o) Cbnorete slftb resting on steel joists. 

(2>) Concrete slab, or slab with concrete joists spanning from girder to girder. 

(c) Concrete slab supported by girders on four sides. 

The fireproofing of the steel beams is accomplished by encasing them in the concrete, 
using a minimum cover of 2 in. or such other amount as specified by proper authority. No 
special details of the steel beams are required for supporting the casing. On deep plate girders, 
however, it may be desired to save weight of concrete by paneling the sides, in which case it 
may be desirable to punch the web plate for anchors. Some form of steel fabric on the bot- 
Floorhm " flanges and vertical wires 

- sides are used to secure 

III the fireproofing in place and are 

ft provided in detailing the con- 

-te. 

ft The thickness of concrete 

^ on top of the beams should be 

CttlFyTrfS^ / * ~ not less than 3 in. and more 

heS^^jotsf may be required if many pipes 
are to be embedded. If the 
, ImmJ slab used is greater than the 

amount determined as neces- 

Fia. 93.-DUgram showing the «Utive^^ition of jouita and girder 

the bottom of the slab may be 
below the top of the beams. The tops of all the joists and girders are placed at one level 
unless some special condition requires otherwise (compare with tile arch construction. Fig. 93). 

In case (a), if the thickness of slab is determined as previously specified, the greatest econ¬ 
omy of steel will be effected by spacing the joists as far apart as the slab will span, being limited 
of course, by equal divisions of the panel, so that joists will occur on column lines. If not so 
established, an analysis must be made of all the possible spacings to determine the cheapest 
combination. 




Sj^h 


heavy Jotsr 


Fxq. 93.—Diagram showing the relative position of joists and girder 
in tile arch floor. 


As an illustration, assume a panel 20 X 20 ft. and a live load of 100 lb. per sq. ft. The panel may be divided 
into 2, 3, 4, or 5 sub-panels, having widths respectively of 10 ft. 0 in., 6 ft. 8 in., 5 ft. 0 in., and 4 ft. 0 in. The 
thickness of slabs and weight of rcnnforcement required, are: 


Span of slab 
10 ft. 0 in. 
6 ft. 8 in. 
5 ft. 0 in. 
4 ft. 0 in. 


Thickness 

(inches) 

4 

3 

3 


Weight of reinforcement 
(lb. per sq. ft.) 

1 65 
1.10 
0.85 
0 85 


The approximate loads per square foot of floor can now be computed from which to determine the beam 


Spacing 

10 ft. 0 in. 

6 ft. 8 in. 

5 ft. 0 in. 

4 ft. 0 in. 


68 

50 

38 

38 

Beam easing. .. 

20 

24 

25 

32 

Steel. 

5 

6 

6 

6 

Ceiling. 

8 

8 

8 

8 

Partitions. 

25 

25 

25 

25 


126 

113 

102 

109 

Live toad. 

too 

100 

100 

ICO 

ToUJ* . 

2261b. 

213 ib. 

202 lb. 

200 tb. 
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From theie loods* tho beam aeotioiiii required and their comparative weights lor the respeoUve sub-panel widths art: 


10 ft 0 in. 

6 ft. 8 in. 
5 ft. 0 in. 
4 ft. 0 in. 


Beam section 

18>in. 40.1b. I 
]5.in. 60-Ib. I 
16.in. 3d.lb. I 
12.in. 3lH-lb. I 
12-in. 37H-lb. I 
10-in. 35>lb. I 


Comparative weights 
Ob. per sq. ft.) 
4.6 
6.0 
6.4 
6 3 
6 88 
8 76 


A comparative estimate of costs can now be compiled. The figures here used are for illustration only, and are given 
in cents per square foot of floor: 


Spacing 

10 ft. 0in.(18 in.I) 

10 ft. 0 in.(15-in.I) 

6 ft. 8 in. 



Spacing 

5 ft. 0 in 

4 ft. 0 in (12-in 1) 

4 ft.O in.(10-in.I) 

Steel in place at 3.0^. 

6.3 lb. 

18 94 

6.9 lb. 

20.74 

8.8 lb. 

26.44 

Concrete in slab and beam easing at 304 

0.42 on. ft. 

12.64 

0.47 cu. ft. 

14.14 

0.42 cu. ft. 

12.64 

Reinforcing in place at 3.04. 

0.861b. 

2.54 

0.85 lb. 

2.54 

0.85 lb. 

2 54 

Forms for slab at 0.04. 

1.0 sq.ft. 

9 04 

1.0 sq. ft. 

9.04 

1.0 sq. ft. 

9.04 

Forms for beams at 9.04. 

0.61 sq. ft. 

6.54 

0.77 sq ft. 

7.04 

0.60 sq. ft 

7.24 

Excess cost of columns, girders, and 
foundations to carry excess weight at 
0.24.j 

0 lb. 

0.04 

7 Ib. 

1.44 


0.0 

Totals. 


48.54 


54.74 


57.74 



Slab and joMt construction 
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Wm. 04.,—Three types of concrete floor. 


The foregoing computations show little choice between the 6 ft. 
0-in. spacing with a lO-in. joist, and the 6 ft. S-in. spacing, with a 
Ifi-in. joist. If the clear height of story is fixed, the shallower beam 
would probably be selected as there would be relative saving in 
columns, walls, and partitions. Comments in the preceding article, 
regarding limits of building heights, also apply here. 

As a conclusion of the foregoing analysis, it is determined that 
12-in. joists will be adopted as typical. 


'Mki 


Fio. 85.—Sections showing relation of gtrdeie to concrete flocra. 




Vor 0ue d), titeie ia*y be « flat dab heavy enough to spaa from glider to girder, no joists 
ba^c latgttiiedjor there may be a oonorete slab with concrete joists. Fig. 94 shows three 

1%. MslwwssmtiwMdmjughthedrdM. 
































410 HANDBOOK OF BUILDING CONSTRUCTION [Sec. 3-^0 

The top of the girder must be at least 3 in. below the top of the slab. No special details 
of the girder are required. 

In buildings several stories high where the girders are steel and the joists concrete, it may 
be necessary to provide steel members on column lines to act as struts for bracing the columns. 
If not iwed, temporary bracing must be provided to hold the columns accurately plumb until 
the concrete is in place. 

Case (c) occurs when a flat slab is used, reinforced in two directions. It requires no special 
details of the girder. For load effect on girder, see Sect. 2, Art. 39c. 

69. Design of Joists.—The method of determining the proper spacing of joists for various 
kinds of floor construction, has been described on the preceding pages. The unit loads can now 
be accurately computed. The area supported is, of course, the spacing multiplied by the length. 
Hie loads used are the full dead and live loads. 

The joist is designed as a simple beam, no account being taken of the restraint furnished by 
the end connections. The joist section is designed for bending and shear rcsistjince, the stand¬ 
ard tables being used for this purpose. 

For long spans with light loads, the deflection needs to be considered. The practical limit of length is 24 times 
the depth, if the beam is loaded to its capacity. For short spans with heavy loads, the strength of the standard 
end connection may govern the depth of beam or a special connection may have to be designed 

Concentrated loads may occur on joists from partitions, around stair and elevator shafts, etc. The result¬ 
ing bending moments and shears must be computed for such cases and combined with the bending moments and 
shears from the uniformly distributed loads. As this occurs more generally with girders, it is discussed further in 
the next article. 

The I-beam is the proper section to use for joists, except in special cases. The minimum weight section of a 
given depth is most economical, and should, if possible, be selected as the typical joist. 

Having adopted a typical joist, there will be found cases where a shallower joist can be used and ordinarily 
there will be no objection to its use (see Fig. 93). There will be found other cases where the typical joist is not 
strong enough. Then, if it is not permissible to have it project below the ceiling level, a heavier joist of the same 
depth will be used. If the heaviest weight I-beam will not suffice, a special section can be built up of two-chan¬ 
nels, or two channels and a web-plate (see Fig. 93). 

70. Design of Girders.—In addition to the loads brought to it by the joists, the girder 
carries its own weight and its fireproofing. It may also have special loads from partitions, stairs, 
etc. The joist loads are concentrated, the weight of the girder is uniformly distributed, and the 
special loads may be either concentrated or distributed. 

The total load on the girder is not the whole panel load, as some joists connect directly to 
the columns, but the effect on the girder resulting from the joist concentration is nearly the 

same as if the whole panel load were applied as uniformly 
distributed. This latter method of applying the load (a) 
is exact, if the length of girder is from center to center of 
columns and the number of sub-panels is even; (b) is 
excessive, if the length of girder is substantially less than 
the center to center distance of columns, or, if the num¬ 
ber of sub-panels is odd. 

In making the final detign of a girder, it ii usually worth while 
to make accurate calculations, taking advantage of the actual 
length of the girder, and the ooneentration of the loads. 

A concrete floor spanning from girder to girder, gives a uni¬ 
formly distributed load on the girder, unless concrete joists are used 
with wide spacing, in which case the comments relating to steel 
joists win apply. 

If a slab reinforced in two directions is supported on four sides, the panel load is equally divided between the 
girders, but is not uniformly distributed along the girders (see Sect. 2, Art. d9c). 

preferred section for a girder is a single I-beam or a plate girder. A double I-beam, a double plate girder, 
or a box girder, is used when the allowable depth is not sufficient for a single beam or plate girder (see Fig. 96). 

71t Amngataumt of Oinlort tnd Joists, — ^It is assumed that columu locations and conse- 
qfusntly the sises of floor panels are goyemed by other considerations than the floor construction, 
^th ^ panel M'^iuagoineiit fixed> H must be ^ided in which direction to place the ^rdeis. 
Tliefe are a %umw of considerations: (1) l^e girdets can best be enefciBed in comieeg if over 
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Fio. 96.—Girder eections. 
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partitions, as along corridors; (2) they intercept less light if placed at right angles to the outside 
walls I (3) they will be shallower if used on the shorter span; and (4) economy may be the im« 
portant factor. All of these considerations must be weighed. 

The following is taken from Burt’s “Steel Construction” by permission of the American 
Technical Society. 

Fig. 07 illustrates a typical floor panel in a building. It is desired to investigate the various possible ar¬ 
rangements of framing for this panel. Assume that the dead load on the joists is 80 lb. per sq. ft. including the 
weight of joists (but not the weight of the girders and their fireproofing); and that the live load is 100 lb. per sq. ft. 
on joists, and 85 lb. per sq. ft. on girders 

Scheme (a ).—Scheme (a) places the girders on the longer span and divides the panel into four parts. The 
joists are spaced 5 ft. 4H center to center. 



Fiq. 97.—^Alternate arrangements of steel joist and girder framing. 


Az«a supported by one joist 18 X hH ** 50 sq. ft. 

Dead load on one joist » 80 X 80 6880 lb. 

Live load on one joist » 80 X 100 >■ 8000 lb. 

Total load - 15.480 lb. 

This total load, 15,480 lb., is uniformly distributed on a span of 10 ft. The table of safe loads in the steel handbook 
Indicates a 10-in. 854b. I. 

The girder carries the reactions ol the joists on Saoh ^de and the weight of itself and of its fireproofing (assumed 
at 800 lb. per lln. ft.). On tl^e theory that the whole floor will not be loaded at one time, the live load on the 
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girder is teken et 85 lb. per aq. ft. The length of apan ia taken at 20 ft. 6 in. (allowance being made for the width 
of the column). ThOn the loada on the girder are aa indicated in the figure and the bending momenta are; 

For uniformly distributed load, AT ■» « 10,5000ft.-lb. 

« . 1 I + 21,136 X lOH - 216,634 

For concentrated loads | _ X 6^ - 76,271 - 140,363 

Total bending moment 150,863 ft.-lb. 

From the table of resisting momenta in the steel handbook, a 20-in. 65-lb. I is indicated. 

Schema (6).—Scheme (6) places the girders on the longer span and divides the panel into three parts. This 
requires a 12-in. 31>!^-lb. I for the joist and a 20-in. 65-lb. I for the girder. 

Similarly the other schemes can be designed and comparative costs estimated as in the previous articles. 

Choice of Scheme. —A number of considerations will affect the final decision as to the scheme to be adopted. 
The oharacter of the floor construction will limit the spacing of the joists. It might eliminate schemes (6), (c), (d), 
and (/). The thickness of floor construction may be important, in which case scheme (a) would be preferred as to 
joists and scheme (g) as to girders. The thickness of floor may affect its cost and also the dead load to be carried 
by joists, girders, and columns, making the thinner floor preferable on this account. A flat ceiling may be re¬ 
quired over the entire area, in which case, scheme (g) is applicable. 

72. Details of Connections.^ 

72a. Connection of Beams to Beams.—When one beam bears on top of another, 
the only connection required is rivets or bolts through the flange, as shown in Fig. 98. No 

stress is transmitted by these rivets or bolts. They 
serve simply to hold the beams in position. Steel 
clips are sometimes used for this purpose (Fig. 99), 
but as they are not positive in holding the beams in 
position, they are not as good, especially when lateral 
support is required. When this is not important, the 
clips can be used and may effect a saving in cost. 
These clips are most useful for attaching tees and 
angles to beams in ceiling and roof construction. 

Angle Connections. —The most common method of connecting one beam to another is by 
means of angles riveted to the web. There are several sets of standard connections, various con¬ 
cerns having their own standards. The standard connections given in the latest edition of the 
Carnegie Pocket Companion, are recommended. The two- angle connection is generally used, 
but when beams are used in pairs, or when for any reason the two-angle connection cannot be 
used, the one-angle connection is employed. The rivets used in the standard connections are 
^ in. in diameter. 

The strength of the two-angle connection may be limited by 

(1) Shop rivets in double shear. 

(2) Field rivets in single shear. 

(3) Shop rivets in bearing in web of joist. 

(4) Field rivets in bearing in web of girder. 

For example, take the connection for a 15-in. 42-lb. I: 

(1) 6 shop rivets in double shear 

6 X 10,300 61.800 Ib. 

(2) 8 field rivets in single shear 
8 X 4420 « 35,360 lb. 

(3) 6 shop rivets in bearing in web of joist 
6 X 0.41 X 0.75 X 25.000 - 46,126 lb. 

f4) 8 field rivets in web of girder. 

The thickness of the web is not given. It must be at least 0.30 in. lor a connection on one side only, or of twioe 
this thiekness if an equal connection is on the oppoeite side, in order to have the same strength as the field rivets in 
shear. The shearing strength of this oonneotion* 36,360 lb., corresponds to the maximum safe uniformly distrib- 
tiled load on a span of about 0 ft. It is less than the shearing strength of the web of the beam. It rarely happens 
that the strength of the connection Is less than required, and occurs only when the beam is short and heavfly loaded, 
or when a heavy load is applied near the end. of bearing in the web of the girder is more Ukriy to occur, hut 
thhii not frequent. If it doee happen, however, anglee with Odn. lege may he used 0|uovldespace lor n^oto deride. 
Of 4 suinlecuing plate may he riveted to the web of the gli^ (Fig, 100), 

^ ftom Busies Conetnitfiioii'* hy permlseiott of the American Technieal Ooriety. 
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Special Cannectione .—When beams oa the two sides of a girder ao not come opposite or 
are of different sizes so that the standard connections do not match, it is necessary to devise a 
special connection. If a beam is flush on the top or on the bottom with the one to which it 
connects, the flange must be coped (Fig. 101). A number of special connections are shown in 
Fig. 102 and need no explanations. 



Fiq. 102.—Details of beam connections. 


12h. Connections of Beams to Coltunns.—A beam may connect to a column be 
means of a seat or by means of angles on the web. The great variety of conditions that may by 
epcountered make it impracticable to have standards for these connec¬ 
tions, though the work of each shop is standardized to some extent. 

Seat Connections .—The seat connection is shown in Fig. 103. 

This seat or bracket is made up of a shelf angle, one or two stiffener 
angles, and a filler plate. Tlie load is transmitted by the rivets, 
acting in single shear, which connect the bracket to the column. 

The number of rivets used is proportioned to the actual load instead 
of being standardized for the size of the beam. The stiffener angles 
support the horizontal leg of the shelf angle and carry the load to the 
lower rivets of the connection. 

anises are 6, 7» or 3 in. vertical, and 4 or 6 in. horiiontal, having a thick- ^03.—Seated conneo- 

neie cf He to H depending on the eiae cl beam and the load. The leg of the tion of beam to column. 
•Uffeiier andle para^l to the web of the beam ie usually H or 1 in. lew in width 

than the hnriaontal lag of the ahalf. The leg against the column is governed by the gage line of the rivets in the 
oblnian. The flSer I# the same thicknew ae the shelf angle. An ani^e connecting the top flange of the beam to 
five eotntlin Is used. It is not eounted as carrying any of theload, but serves to hold the top of the 

beam In poaitloti and stlffene the connection. The rivets connecting the bottom flange of the beam to tha thalf 
e arir f ofedy to hold tha namibeii'toaiHdiar and make a etifl eonneetlon, UsttaUy there are only two rivets in eaah 
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fl«ng« but •omotimei larger angles and more rivets are used to develop resistance to wind stresses. Fig. 104 gives 
a number of examples of seat oonneotions. 

The advantages of the seat connections are: 

(1) All shop riveting is on the column which is a riveted member. No shop riveting is required on the beam 
which thus needs only to be punched. 

(2) The seat is a convenience in erecting. 

(3) The rivets which carry shear are shop driven. 

(4J The number of field rivets is small. 

Web Connections ,—The web connection is made by means of two angles (Fig. 105). Tlie 
legs parallel to the beam, rivet to the web, and the outstanding legs to the columns. The con¬ 
nection to the web of the beam is governed by the same conditions as the standard beam con¬ 



nection. The length of the outstanding leg is governed by the gage lines of the rivets in the 
column or the space available for them. Usually the angles are shop riveted to the beam and 
field riveted to the column. If the angles were shop riveted to the column, it would be difficult 
or impossible to erect the beam. However, one angle may be shop riveted to the column and 
the other furnished loose. In this case, the number of field rivets generally will be the same as 
if the angles were shop riveted to the beam, but the shop riveting on the beam will be eliminated, 
which is an advantage. When this connection is used, a small seat angle is provided for con- 

H venience in erecting. 

The advantage of the web connection is the compactness of the parts, keeping 
within the limits of the fire-proofing and plaster, whereas the seat connection may 
necessitate special architectural treatment to fireproof it or conceal H (Fig. 106), 

72c. Separators,—When beams are used in pairs or 
groups^ some connection is usually made between them at short 
intervals. The connecting piece is called a separator. If the purpose 
to be served is merely to tie the beams together and keep them properly spaced, the gas^pipe 
separator is used <Fig. 107). This consists of ,a piece of gas pipe with a bolt running through 
it. This form is used in lintels and in grillagC'lieams. For beams 6 in. or less in depth, one 
separator boltteay be used; for greater depth, two should be used. 

'k 
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The separator most commonly used is made of oast iron (Fig. 108). It not only serves as a spacer but it stiff¬ 
ens the webs of the beams and, to a limited extent, transmits the load from one beam to the other in case one is 
loaded more heavily. It seldom fits exactly to the beam, so it cannot be relied upon to transmit much load. One 
bolt is used for beams less than 12 in. deep and two bolts for 12-in. and deeper beams. The dimensions and weights 
of separators and the bolts for them are given in the steel handbooks. They can be made for any spacing of beams 
and special shapes can be made for beams of different sizes (Fig. 109). 

The individual beams of a pair or group should be designed for the actual loads which they carry, if it is prac¬ 
ticable to do so. If it is necessary to transfer some load from one to the other, a steel separator or diaphragm should 
be used. This may be made of a plate and four angles, or of a short piece of I-beam or channel (Fig. 110). If 








the beams arc set close together, the holes must be reamed and turned bolts must be used in order to get an efficient 
connection. If the beams are set with 4-in. or more clearance between the flanges, the separator can be riveted to 
the beams. 

Hpecifleations usually require that separators be spaced not further than 5 ft. apart. They should be placed 
at points of concentrated loads and over bearings. 

78. Special Framing.—The typical arrangement of joists and girders must be modified to 
Jiieot special requirements. 

78a. Stair Wells.—The exact dimensions and location of the stair-well opening 
must be determined from the architectural plan. Fig. Ill illustrates a case. It shows a well 
for a double-run stairway. It is placed against an outside wall as indicated. 



Beam (1) ib placed off center of tlie column on this account. In addition to the wall load it geta a load from 
beam (4) and from the intermediate stair landing (not shown). 

Beam ^) earries a small area of floor and also the weight of the stairs, both up and down. It must be so de¬ 
signed and so placed as to provide convenient connections lor the stair stringers if steel strixxgers are used. 

, Beam (5) carries the reaetiotis from beams (4) and (6). It may also carry an enclosing partition and a part of 
the intermediate stair landing. 

Beam (3) carries the reactions from beam (fi) in addition to floor load, and it may also carry an enclosing 

partition. « 
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7S6. Elevator Wells.—^Fig. 112 shows a bank of three elevators with provision 
for a fourth. In this instance they are placed against the outside wall. The width of elevator 
has been adjusted to suit the column spacing. The locations of nearby partitions and proposed 
ceiling treatment will influence the arrangement of the framing. 

No loads come from the ele* 
vators at the floor levels, the entire 
weight being carried by the over¬ 
head framing. There will be loads 
from the elevator enclosure. 

Beams (35) provide lateral support 
for the elevator guides and carry dividing 
partitions, if any. 

In this case, column 36 is omitted to 
give a clear lobby. This requires a heavy 
girder between columns 35 and 37. To 
save headroom below, a double girder is 
used consisting of beams (37) and (38). 
Two steel beams will be used. As they 
are not equally loaded, they must be 
designed separately; however, both beams 
may be the same sise if provided with 
steel separators as indicated. In any 
event, such separators should be used so 
as to avoid unequal deflection in the 
beams. 

All other beams are easily designed to meet the conditions indicated. 

7Sc. Pipe Shafts, Etc.—Fig. Ill shows a pipe shaft and chimney space. Both 
are enclosed in fireproof walls which must be supported by the floor framing. Pipes or cables 
in the shaft may impose loads on certain floors. Such loads must be provided for where they 
occur. The chimney does not impose any load on the typical floor framing. As the chimney 
changes length with variations of temperature, it must be supported at one level only. Special 
framing may be provided for this support at the first or basement floor. 

Innumerable variations of the foregoing special situations will occur in floor framing. Each must be treated 
as a separate problem. The important thing is to ascertain all the limiting conditions. When this it done, the 
designing is generally a simide operation. 

74. Framing for Flat Roofs.—The problems involved in designing the steel framing for 
flat roofs are essentially the same as for floors. But there are some additional conditions. 
Special loads on roof framing come from elevator machinery, tanks, pent-house walls, signs, 
flag poles and kindred items. These having been determined from the architectural require* 
mente, the roof framing is designed in the same manner as the floor framing. 

If the top story is to have a finished ceiling, it becomes a problem to determine whether the framing shall be set 
level at the ceiling elevations or set on a slope at the roof elevation. If future stories are contemplated, the framing 
will be set level at the eeilipg elevation, and so arranged as to serve as the future floor framing. 

Unless there are special oonsiderationB indicating to the contrary, it is usually better to place the framing at 
roof elevation and place the beams parallel to the roof surface as nearly as practicable. This involves beveled 
connections for many of the joists and girders, but these are not difficult to make. The ceiling can be suspended 
from the roof framing or from the roof slab or arches by wire or rods. 

In case an attic space is provided, the ceiling may still be suspended if no attic floor is to be used, or an inde¬ 
pendent set of framing may be provided. The latter will be necessary if loads are to be placed on tiie attie floor. 

75. Ftgming for Pitched Roofs.—The shape of the roof surface and the kind of covering 
are usually determined as a part of the architectural design. The problem is, therefore, to 
provide framing to support a roof whose shape and covering have been determined. 

Certain rod coverings arc attached directly to the purlins and require no •heathing-»«uch are eomtgsted eted 
concrete tiles, and some earthen tiles. Most other roof Coverings require a shsaihlni. interposed between the 
roofing and the finning (tee 0 iuu>tcr on ** Eool and EodCoverings'*)* 

^ying idbeted the tind ol sheathing, the next step is to deteiWiine the most ecooamiesl purlin w>dag« An 
nnalysh of wJU aitnffiw to that ussd in the study d 4eor joists (Art* fifib) will aid in determining the spaeing. A 
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of ftpproxiinAtBly 6 ft. is a oonwniieiit ons And suits most of the roof mAtorisls. However^ a widor spAciniE 
mAy be ohsAper for reinforced concrete oASt in piece and for some types of precast concrete. 

75a. Design of Hip and Valley Rafters.—Where two roof planes intersect; they 
form a ridge; valley, or hip. In Fig. 113, a—a^ and h — h\ are ridges, h — cis a valley, and a**d 
is a hip. This figure shows the 
arrangement of trusses, rafters, 
and purlins. The trusses are 
designated by T, the ordinary 
rafters by R, the hip rafters by 
HR and the valley rafters by VR, 

The hip and valley rafters 
are designed in the same man¬ 
ner as ordinary rafters, taking 
into account the shape of the 
loaded area. 

In the CAse illustrated in Fig. 113. 
truss T\ supports the purlins, as indi> 
oated. and also the three rafters which 
converge at its apex. Truss Tt spans 
between trusses Tt, its top chord serv¬ 
ing as the ridge purlin, and supporting 
the intermediate rafters. A ridge 

extend, from T, to trum lI3.-Sho*ing roof framing with h.p and vaUey rafters. 

Tt, supporting the valley rafters at 6. 

and also the lower end of a short rafter at the same point. 

76. Saw-tooth Skylights.—^Saw-tooth roofs are used to admit light through the roof without 
allowing direct sunlight to come through. To accomplish this, the glass must be to the north 
(in the Northern Hemisphere). The glass surface may he either vertical or inclined slightly 
to the south of the vertical. The max¬ 
imum inclination which can be used and 
still keep out direct sunlight at noon . is 
23 deg. less than the latitude of the 





Fw. 114.—Saw-tooth skylight framework 
with I-beam rafter. 


Fig. 116.—Saw-tooth skylight truss as designed by M. S. 
Ketohum. 


place. The inclined surface admits more and stronger light, but is more subject to leakage. 
The vertical surface is generally preferred. The area of glass surface to be provided will 
be determined by the lighting requirements. 

If the spacing of the supports is such 
as to permit the use of beam framing, the 
arrangement of members shown in Fig. 114, 
may be used. The tie shown should be a 
rigid member for brAoing purposes. 

For wider spAoing of supports, trasses Are 
used. The most SAtisfAotory form is thet de¬ 
vised by M. S. Ketchum And shown in Fig. 
116. Its importAnt AdvAntAge is thAt it 
Allows Ample gutter spAce, being in this legArd 
very much better than the design shown in 
Fig. 114. 

The design of the trusses And purlins 
, does not involve any principles that haw 

FiO. 116 v—Roof truss with monitor h'ame. not been explained. 
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77. Monitors. Xightiiig and ventilation of mill buildings arc often provided througli a 
monitor on the roof. The monitor frame is mounted on the rafters or the trusses as shown in 
Fig. 116. It is made up of light angles as the loads to be carried are small. In the case shown, 
tl)c gravity loads are carried direct to the main truss by the vertical members. The diagonal 
members take wind stresses only. If the monitor is wide, the top chord member of its frame 
may need to be trussed. 


FLOOR AND ROOF FRAMING-CONCRETE* 

By W. J. Knight 

78. Practical Considerations.—Competition in the economical design of reinforced concrete 
structures h^ reached such proportions, that few engineers can afford to neglect the practical 
and economic features of design. On every hand the engineer is confronted with the problems 
of economy, when serving his clients to the best advantage. Every prospective owner, with 
few exceptions, demands the best structure at the cheapest price. Therefore, the economy of 
arrangement, or the selection of a floor system that will result in giving the last comparative 
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Fig. 117. 

cost consistent with strength for any proposed structure, cannot be over-estimated in impor¬ 
tance. A thorough knowledge of the costs of materials and labor that will be applicable to the 
various types of construction which can be used, may be termed vital considerations in the 
design of any structure. To design a building of suflicient strength, without considering cost, 
is not a difficult accomplishment, but to produce an arrangement that will afford both strength 
and economy in combination, is decidedly another problem. Theory by itself is a deceiving 
form of enlightenment and cannot well be applied intelligently until the many practical condi¬ 
tions governing design and application are learned through experience and made an integral 
part of theoretical knowledge. 

It wiH often be found expedient to make comparative estimates of a typical panel for two 
or more different arrangements to ascertain the relative cost of concrete, steel bars and centering 
per square foot of superficial surface, and then the most economical system may be selected 
from these calculations. 

79* Slab Steel Arrangement—Ordinary Type.—The arrangement for slab steel can be 
accomplished in several ways. Fig. 117(a) shows an arrangement consisting of straight rods in 
the ^tUnn fixid loos^ rods in the top over supporting members. This arrangement, though 
elimiriatiiiglo a great extent the cost of bending, is objectionable on account of the difficulty of 

* Also J and K. 
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placing properly the loose rods in the top. Loose rods of this nature should be avoided when 
possible. This method has been employed in a great many buildings, but the actual position 
occupied by the top rods after the concrete has been placed is a question. Loose rods of this 
type are often placed after the slab has been poured to its full thickness, and the rods relied upon 
to remain near the top surface of the wet concrete. Laborers walking about engaged in screed- 
ing the concrete surface, can hardly be expected to avoid forcing them into the bottom of the 
slab. 

Fig. 117(6) shows an arrangement used very often in short and long span slabs. The 
amount of steel over the supports is the same as at the center of the span. This arrangement 
requires the bending of all rods with the exception of alternate rods of end spans. Fig. 117(c) 
shows another arrangement that gives equal steel area over supports and in the center of span. 
The tonnage to be bent in this case is less than is required in Fig. 117(6) and is just as satisfactory. 

In very short spans where arch action is considered to exist, alternate rods only may be 
bent up into the top of slab over the supports, which afford only one-half the steel area over 
the supports (see Fig. 117d). 

79a. Bar Supports and Spacers.—In the light of past experience the steel bars 
of a reinforced concrete structure cannot be accurately installed and maintained in position 
without the use of some device or devices that will serve the purpose of supporting the reinforc¬ 
ing bars the proper distance from the bottom face or surface of the concrete, spacing them the 
correct distances center to center, and locking them in position to prevent subsequent displace¬ 
ment before and during concreting operations. This very important requirement is too often 
neglected and omitted in specifications for reinforced concrete work. 

If, for example, }^-in. round rods reinforcing a slab are shown spaced 6K in. center to 
(‘enter and a certain minimum thickness of concrete is given to insure fireproofness, it will b(' 
found impossible for the contractor even to approach, with reasonable accuracy, the results 
intended, in the absence of some form of device or devices to make possible good, accurate 
workmanship. 

To maintain in proper position the negative reinforcement in continuous slabs has been, 
in the past, a great source of annoyance and dissatisfaction. Some engineers may contend that 
no failures have occurred as a direct result of neglecting this important feature in construction 
work. In this connection it must be realized that the factor of safety, which fortunately exists 
in reinforced concrete, has very often concealed glaring incongruities of design and construction 
and has made possible the continued practice of many engineers and contractors who are suffi¬ 
ciently skilled in the performance of their work. Dangerous defects can result from haphazard 
methods of placing steel bars by mechanics who are not intelligently disciplined in the execution 
of their work or even trained to regard a plan other than as something incidental, relying on 
personal judgment and individual methods to place and secure reinforcement in one position or 
another. 

The ultimate calculated strength of reinforced concrete buildings cannot be realized until 
some definite, tangible, practicable means of securing, supporting, and spacing of slab and beam 
bars is universally adopted by engineers. Even an inch variation in the position of negative or 
positive reinforcement in the direction of the neutral plane completely disturbs the theoretical 
accuracy of a design. Many engineers spend hours solving the more exact moment distribution 
in continuous beams and slabs, for the purpose of ascertaining accurate steel areas at different 
points, and yet the means to insure proper installation of the steel is too often a matter of 
remote concern. 

While the Joint Committee and other committees and societies are conscientiously attempt¬ 
ing to prepare reinforced concrete specifications on design for universal adoption, there appears 
to exist an unfortunate disposition on the part of engineers to neglect and discount the impor¬ 
tance of increasing the efficiency of prevailing construction methods. A carefully executed 
design can be easily rendered a carelera piece of work in the hands of contractors, who fail to 
appreciate that good design and careful intelligent construction methods are inseparable instru¬ 
ments of good service. JThe fabrication of structural steel at the building site, by means of 
unskilled mechanics, would be considered suicidal in the light of good practice. The same 
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general opinion will, no doubt, exist in the near future about reinforced concrete structures 
erected without the use of bar supports and spacers. 

In continuous slab design, very satisfactory results have been obtained by employing high 
chairs of proper height and spaced about 2 to 4 ft. on centers, parallel with the supports. The 
high chairs first receive a or J^-in. rod extending perpendicular to the main slab reinforce¬ 
ment, the bent-up ends of the latter resting upon the rod and chair supports (see Fig. USA) 
High chairs cost from 4 to 8 cts. each and consequently add little, if anything, to the cost of 
'•onstruction. The proper position of the bent-up portion of slab rods may also be obtained by 



When city building codes of the country specify the use of bar supports and spacers in the 
construction of every fireproof building, then engineers can reasonably assume higher unit 
working stresses than now exist in the concrete and steel and, at the same time, be entirely 
conmstent with the results obtained by the average present-day construction methods. 

786. Screeds for Floor Slabs.—Various methods are employed by eontraetmi to 
gage the proper tiiicknem of floor slabs speeiM or shown on 0 plan, ^le iq^iedfied thkkness itf 
a slab cannot be reafised at the building u nles s oontiivanoes rftnllar to the comxiumJ^ kiyowa 
screeds are #ostrbetod with depth equal to the d^^ of slab deriied and InstaSad at snoli 
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intervals as will permit the block men to level the surface of the slab with a straightedge extend¬ 
ing from one screed to the other (see Fig. 118C). 

Many reinforced concrete buildings which have been dismantled and removed to make 
space for more modem types of construction have shown decided variations in the thicknesses 
of slabs originally specified and those actually obtained. The neglect of this very important 
feature in building construction has caused many discordant results. Until engineers and 
contractors realize that brickbats, isolated wood or concrete block, and other unsatisfactory 
forms of gages cannot even approximate accurate adherence to slab thicknesses required, it 
must be expected that the practices of the past will continue a detriment to accurate 
workmanship. 
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80. Marking of Bent Rods.—A great many serious errors have been made in the past by 
installing the wrong bent rods in beams and slabs, principally due to the absence of some 
indestmctible form of tag that should serve as a means of ready identification for each bent rod 
used in a stmcture. When rods are bent at the rolling mill or at the building site, it is most 
difficult to identify them and avoid errors, unless painstaking care is exercised in giving each 
bent rod or bundles of identical bent rods a clear, indestmctible mark stamped on tags made of 
non-corrosive metal. Cloth tags have been experimented with and found decidedly unsatis¬ 
factory. Marks on such tags with the use of ordinary or even indelible ink cannot survive the 
wear and tear of shipping and handling, without becoming disfigured, detached from the rods, 
or illegible from the effects of water and mst. It is common practice for high-priced iron work¬ 
ers to spend part of each day searching for and measuring bent rods, endeavoring to locate the 
materisd desired. Considering the high wages of iron workers at the present time, a monetary 
standpoint alone should even further emphasize the importance of providing suitable tags where 
necessary. 

The enforcement of this essential requirement by engineers executing designs or superin¬ 
tending the erection of stmctures, is simply another step forward in making more practical the 
application of theory and giving added assurance that the design will be carried out with reason¬ 
able accuracy. 

The following simple method has been used with success where employed, and consists 
of stamping metal tags with numbers that designate each different bent rod, besides indicating 
by the first figure of the mark number the size of the rod. To illustrate: Reduce all merchant 
able bar sizes to fractions of eighths, the numerator of the fraction for each bar size always repre¬ 
senting the first figure of the mark number as follows: 


Hla. 

H m Mark 200 

Hin. » 

H m Mark 800 

Min. - 

H « Mark 400 

Hin. - 

H - Mark 500 

fiiB. *« 

H « Mark 600 

UiM, m 

H m Mark 700 


H » Mark 800 

IHto. • 

H - Mark 000 

m hi.» 

Mark 1000 


Any bent rods found marked 200, 201, 202, eto., will iudloate at 
onoe a rod, or marks 700,701, 702, etc., a H-tn. rod, andso on. 
This system used in oonnection with metal tags is very idmpla and 
effeotive, and when applied by workmen will reduce to a minimum 
tiie dianoe of placing bars in the wrong loeaUoa. 
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81. Special T-Beam Design.—A minimum specified clearance or head room will often 
control the depth of T-beams of long spans. An example of long span T-beam construction is 
given below, which illustrates the special proton made to obtain the requisite fiange area for 
compression. The design of this beam was one of a large number required to span a theater 
auditorium in connection with a large structure built in 1916. The floor supported by these 
beams was designed for a dancing pavilion. 


lUustrativd Problem.—The beams are 8 ft. on centers and span 48 ft. center to center of column supports. 
The maximum depth allowed was 33 in. The live load from the floor to be supported by the beam was assumefl 
at 75 lb. per sq. ft., consideration having been given to the additional safety factor aflforded by the heavy dead 
load of the beam, which is about 16 tons. Assumptions used in the design, /« » 20,000, /« ■■ 800 and n « 15. 

The slab spanning 8 ft. was designed to support a live load of 100 lb. per sq. ft. for the reason that in a build¬ 
ing of this character the slab in all probability will receive its full live load at intervals, whereas the supporting 
beams will not. 

wl* 


iSlnh Deaiffn when M 


12 * 


■•A minimum slab of 4 in. and reinforcement of rounds 6 in. c. to c. was 


selected. In the design of this slab the supporting beams were also considered, to obtain cross reinforcement 
that would assist the T-action of the members. 

Using a 4-in. slab the theoretical requirements would be: 

Live load «* 100 

4-in. slab dead load » 50 
>^-in. finish *• 6 


Total **• 156 lb. per sq. ft. 

Selecting a minimum slab of 4 in. and d » 3 in., 

0980 - /r(12)(3)* 

/C - 93 

Diagram 2, p. 155 shows that the value of AT »• 93, with /. » 20,000 requires a percentage, p ■■ 0.0053. Then 
the actual area of steel required per foot width is 


A, » (0.0053) (12) (3) - 0.191 sq. in. 

To find the unit stresses in the steel and concrete assumed in the design: rounds 6 in, o. to o. «* 0.221 

sq. in. per 12-in. width. 

P - 7?^ - 0.0061 


Using Table 2, p. 152, p - 0.0061, k 
M 


A- 

/« - 


(12) (3) 

0.346 and j - 0.885, 
9980 


Avd (0.221)(0.885)(d) 
_(^(9980) 


» 17,000 lb. per sq. in. 


(0.346) <0.885) (12) (3)* 


603 lb. per sq. in. 


Or referring to Diagram 2, p. 155, when AT 93 and p •• 0.0061, the stress in the oon(»rete and steel will be found 
to agree with values determined above for /$ and /«. 

Considering the shortness of the slab span and the increased effeetive depth near the supports (Fig. 119), on 
aceount of the depression for flange section, the bent rods were arranged as shown. 

T-Bsam Duign: 

Live load per linear foot «* (S)(75) 600 

Dead load of slab per linear foot (8) (50) 400 

Dead load of finish per linear foot * (8) (6) 48 

Dead load of beam ineludiiig depression below slab, per linear foot « (4.34) (150) 650 




Totd - leWlb. pwlia. ft. 


b' * 16 in. 


* ^ (W8)(24) 


d - 29 in. (Fig. 119) 
loo lb. per sq. in. 



Sec. S-811 


STRUCTURAL DATA 


423 


Twelve l>in. equates ueed in the design give a section of 12 sq. in. 


P 


12 

(54) (29) 


0.0076 


In the design of this ineniber where the depth is small in proportion to span length, it was considered of prime 
i mportance to obtain a rigid construction and not rely on the 4-in. slab flange to resist any part of the compressive 

t 12 

stress. Therefore, a flange thickness of 12 in. was chosen and a flange width of 6 54 in. ^ ^ 0.414. 

Diagram 6, p. 168, shows the neutral axis is in the flange when p a 0.0076 and ^ * 0.414. Hence, Cas^I applies. 
Table 2, p. 152, gives the following values of k and j for p » 0.0076: 


fc - 0 376 j - 0.875 



roofa 6^c./oc a/f 


Fig. 119. 


Keierring to Table 3, it is found that these values give about equal strength for the steel and concrete, or solving for 
/• and U\ 

/ _ JL -*«M'100— ^ 


djd (12) (0.875) (20) 


. 780 lb. per sq. 

K 0.376 


AT 5,868,300 
M* " (64)(29)* 


When K * 120.2 and p • 0.0076, the above values for/, and/, may be checked by Diagram 2, p. 155. Points 
at which bends in rods may be made can be readily obtained from Diagram 8. At the worst section, 5 out of the 
12 rods are bent, or 42 % of the total at a point 2 ft. 10 in. from the center of each support. Diagram 8 shows 

when Af *• 42 % may be bent up at 0.17/ or 8 ft. 2 in. from center of support. Further investigation in this 

respect Is unnecessary. 

Bond stress in straight rods with hooked ends: The perimeters of seven 1-in. squares » (7) (4) -• 28 in. 


y 40,750 

Zo^d • 0KRH)(») 


58 lb. per sq. in. 
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Tlitoretioally, books woro uaneeeaniy. but tko idea of leeurinc tbe greatest rigidity for the structure A ^ 
tiM of hooks for the ends of *1! bent and straight rods. The locality in which this structure was erected is suDjMt 
to periodical storms and wind of great velocity, hence judgment was exercised in anchoring the structural parts 
wherever it was deemed advisable. 

Provision for shearing stresses; The unit shearing stress has been determined above, v ■■ 100. Shearing value 
assumed for concrete vi » 40. 


(100 - 40)48 

( 2 )( 100 ) 


14.4 ft. 


In Fig. 110 it will be noted that the bent rods were so arranged that the diagonal tension at the ends could be taken 
principally by these rods, but regardless of this fact fi-in. round stirrups were introduced extending from end to 
end of the beam as shown. Referring to diagram Fig. 119, the total stress in the two bent 1-in. square rods, mark 
850, is 


( - ■ 4 ~- ^ ( 27 )( 16 ) 


24,200 

1.414 


17,100 lb. 


The unit stress in bent rods, Mark 850, is 


17,100 

2.00 


8550 lb. per sq. in. 


The total stress in the two 1-in. squares, Mark 851. is 


“ Vi 


The unit stress in bent rods, Mark 851, is 


19,760 

“1.414 


13,970 lb. 


13,97 0 

2.00’ 


6980 lb. per sq. in. 


The stress in the one 1-in. square rod, Mark 852, found in a similar manner, is 11,400 lb. per sq. In. 

All beams G^l were cambered IH in. at the center, to avoid the delusive appearance of a straight beam soffit of 
this span. 

The effective depth of these beams is about one-twentieth of the span length, and although this proportion of 
depth to span is somewhat unusual, little or no deflection was noted after the removal of supports. Swiss deflectom- 
eters were employed to detect any deflection, with the result that no movement was recorded. All steel bars used 
in the design were hard grade with a minimum elastic limit of 50,000 and a minimum ultimate strength of 75,000 
lb. per sq. in. Minimum elongation in 8 in., 10 %. 


82. Long Span Rectangular Beams.—^The example of long span rectangular beam desing 
given below was used in connection with the same structure as the long span T-beams described 
in the preceding article. The purpose of these beams (ilg. 120) is to support a passage for 
pedestrians over a thoroughfare below. 

niustrative Problem.—Tbe depth of these beams was restricted to a total depth equal to one-tenth of the span 
length, and the width 5 proportioned accordingly. 

/• M 20,000, /• 800 and n **• 15. Width 6 assumed ■* 18 in. 


Dead load passage (75) (6) (68) 30,600 

Live load passage » (50) (6) (68) 20,400 

Dead load beam « (1.5) (7) (150) (68) - 107,110 


Total.- 158,100 


The design was first tried out assuming balancing values for /«and /*. From Table 8, p. 152, when /• ■* 20,000, /< 
- m and n - 15. 


h m 0.375, i m 0.875, p • 0.0075, and Jt « 131.25 
M m Kbdfi m (131.25)(18)(80>> • 15,120,000 ia.-lb. 


Thisis leas than the moment required. It is desired to retain the width 6 « 18 in. The steel hart used» or tan 14fi. 
and two l>5*>in. squares have a sectional area equal to 12.53 aq. in. Then 




P 


12.53' . 


m PMSt 




Comparing the ▼slues found for A» and A* with the viduee used in the design it will be noted that the sectional 
area of tensile steel is slightly more than the theoretioal requirements, and the oompresaion steel, four 1-in. squares 
or 4 sq. in. exceeds the computed area. Compression steel was added to give a stiffer member. The section of 
member Fig. 120 shows the arrangement of stirrups employed to anchor the compression rods into the body of the 
beam. 

The shearing stress is equal to 

79 000 

* " (18) (7/8) (80) “ lb. per eq. in. 

After observing the arrangement of bent rods and stirrups in elevation. Fig. 120, it is evident that resistance to 
diagonal tension is amply provided for. 

The total streas taken by two bent 1-in. square rods, Mark 801, is 


(— ^— ) (48X18) 
\/2 

The unit nitm in bent rode, Mark 801, is 


18,390 

1.414 


10,900 lb. 


•• 5480 lb. per sq. in. 
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To investigate the resistance of the other bent rods is unnecessary. H*ia* square stirrups were used as shown, to 
meehanically tie together all parts of the member. Theoretically the stirrups used were not required, but from a 
practical view point the member may be considered a stronger unit. 

The shearing stress v being only 63 lb., the bond stress in the bottom rods at the supports should be compara¬ 
tively small. The sum of the perimeters of four 1-in. and two square rods is equal to 25 in. 

" (2‘5)(7/8K86j " ^ 

The slab connecting the two beams was designed for a live load of 100 lb. per sq. ft. 

Live load * 100 
Dead load, 6-in. slab «> 75 
Dead load, >i-in. finish 6 


Dead and live load per linear foot of slab is 


181 lb per sq. ft. 


(12)(181) - 2172 lb. 

M - - 40.725 in-lb. 


Referring to Table 9, p. 163, when /« » 20,000, /< » 800 and n » 15, a 6-in. slab with H'iii* square bars 6 in. o. to 
c. is required, when AT «• 40,725 in .-lb. The bars have hooked ends extending into the beams. To insure further 
rigidity, three intermediate cross beams 12 X 18 in. dividing the span into four equal parts were employed as shown 
in Fig. 120. The soflSts of beams G4 were cambered 1^^ in. 


83. Hollow-tile Construction.—Hollow-tile construction is extensively used in light build¬ 
ings such as hotels, office buildings and apartments, and has to a great extent superseded the one 
way solid slab construction for spans over 12 or 14 ft. Comparative estimates with other forms 
of solid slab construction will demonstrate the economy of this arrangement for floors. The 
economy is not only found in the cost of the floor alone, but also in the reduction in the structural 
sizes of all the supporting members including beams, columns, and footings, by reason of th(' 
dead weight, which is much less than for solid slabs designed for equivalent strength. Tile may 
also be obtained which make possible a two-way reinforced panel with supporting beams along 
the four sides. Although the function of the tile is only to create a void in the concrete, con¬ 
siderable strength is added to the ultimate capacity of such panels. Tests of combination 
hollow tile and concrete floors have given surprising results in stiffness and strength. 

Tile produced by the different manufacturers will give a large variation in results when 
subjected to intense heat in kilns prepared for test purposes. Tests show that some tile will 
not melt at 3000 deg. F., whereas the product of other manufacturers will disintegrate almost to 
a cinder under this temperature. The resistance to heat that tile will offer in a floor panel is 
not so satisfactory as when heated uniformly over all surfaces. The lower soffit of the tile 
exposed to the heat, in many cases has been known to fall out, and no doubt this is due to the 
expansion of heated surface, while the other portion of the tile protected from the heat remains 
nearly at normal temperature. The result of this condition will cause the exposed face to 
shear away from the vertical ribs. , 

The tile should be thoroughly wetted just before concreting operatons are begun. Dry 
tile readily absorbs moisture from the concrete and for this reason are most objectionable. A 
thorough sprinkling of the tile should be insisted upon, especially in dry, hot weather. When 
the tile are placed in position on the falsework, intervals between the ends of tile should be 
avoided, to prevent loss of the concrete and the added dead weight. The ends of the tile at 
beam flanges should be closed with cardboard, plaster of Paris or by other satisfactory means. 

The accompanying table gives the sizes and weights of commercial tile together with the 
cubic feet of concrete and the combined weight of tile and concrete per square foot of Boor 
surface when the rib widths and thicknesses of top.are as indicated. Particular care should 
he exercised when pouring the concrete ribs between 4, 6 and 6-in. tile. On account of the 
light weight of these sizes the concrete should be placed simultaneously in each rib, otherwise 
the tile will be forced toward the side where the least pressure is exerted. Poor alignment of 
tile, and the consequent reduction of lib width specified often occurs during construction by 
negleoting to peed this, precaution. The loss tile on account of breakage due to shipping, 
hauHng and Ifandlii^ ranges from 2 to 5%. 
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Hollow Tile and Ooncbete Fia>ob8 

Cu. Ft. of Concrete Per Sq. Ft. and Weight In Lb. Per Sq. Ft. of Combination Hollow TUe and Concrete 
_ Floors When Width of Ribs and Thickness of Top Are As Follows: 



Sunups e€K^rA 

fih. d Wire U-snmjps 




=1- 




sfirrupB 


! ilWp 


Sec^ion AA 


r^h \3@4"c.fyc. 

cenfvr 




lUttstrmtive Problem.->*Fig. 121 represents a typical panel in a building, to be designed for combination hollow 
tile and concrete joists, s^th supporting beams extending continuous in one direction between columns, live load 
assumed » 100 lb. /• •• 16,000, /* ■■ 660 and n » 16. Maximum s » 110 lb. v\ -• 40. 

The combination slab will be designed for the following loads in pounds per square foot: 

live load.... •• 100 

Wood floor and fill. - 18 


TotAl superimposed load... * 118 
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_ ^ Sam StTpXBiMPOBsiD Loads in Pounds psb Sq. Ft. fon 

One-way System Unit Steel Stress «16,000 lb. 


4" X 12" X 12" Tile, 4" Ribs. 16"c., 2" Top 6" X 12" X 12" Tile, 4" Ribs, 16"c„ 2" Top 


Weight FI. per sq. ft. «■ 50^ 

|j Weight FI. per sq. ft. — 60^ 

Concrete per sq. ft. Tile per sq ft. i 

0.26 cu. ft. 0.76-4" Tile | 

1 Concrete per sq ft Tile per sq. ft. 

I 0.292 cu ft. 0.76-6" Tile 

.002761 .00361 1 .00491 1 .00626 1 .00707 | 

1 .0026 1 .00361 1 .0046 1 .00648 I .00697 


i I 244"^ 2-H"4 


2-3^'V 



When value of **!;" is less than J, Case I applies. 

When value of is greater than 0.3786, M* oontr<^. 


When value of *‘A;" is less than 0.3786, M« controls. 
^Indicates neutral axis in the Oange. 


Nora: This table is based on M < 


Top steel over support for negative * Mt '* same area 


Ag as for positive at center of span, top steel over supports extending H or Hot span length. 
For end spans, adien M •* ■», use H oi the combined superimposed load and dead weii^t of floor 


For ^ple spans, when M m use (d the combined table values as for end spans. 


is given for each l^ad value in small type 
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CoHBiMATioM Tim akd CoNOBra Furoas. 
Unit Conerate Streai ^ 6S0 lb. 


Continuous Spans 


8"X12"X12" Tile.4"BSbs, 16"o..2"Top 10" X12" X 12" Tile, 4" Bibs, 16"o., Bibs, 16 o.. 

2** Top ^ 


Weight FI. per. bq. ft. * 70 || Weight PI. per aq ft. •• 81i^ j| Weight FI. per. »q. ft. 91# 


Concrete per sq. ft. Tile per sq. ft. Concrete per sq. ft. Tile per aq ft. 
0 334 cu. ft. 0.76-8" Tile 0 376 cu. ft. 0 76-^0" 


0.76-8" Tile 


Weight FI. per. sq. ft. 91# 





147 .00426 

.005421.00614, 

.00284 

00348 

.004431.005021 

.0057 

.00295 

1.00375 

1.00425 

.00483 

) .310 

.360 

.372 

.264 

.294 

.334 

.358 

381 

.283 

.324 

1.348 

1 372 

[ .910 

.906 

.905 

.925 

.922 

.920 

920 

.919 

.933 

.931 

.930 

.930 


2.H"4 2-H'V2-H"4'2-^i'V}:g;;j 2-^"4 2-^'^ 


100 laa 
424 623 


100 133 

629 6C6 



1 

1 

118 

647 






1 

1^ 

77 

280 


04 ISO 

361 480 


94 

438 

ISO 

580 



88 

365 

xia 

488 



as 

104 



305 

413 



77 

08 

110 


258 

352 

410 


78 

98 

104 

118 

218 

301 

353 

413 

110 98 

87 

88 

118 

290 184 

i 259 

305 

359 


78 

92 

88 

229 

74 

66 

84 

200 





81400 09.670 196.469 W3,I40 IW.lOp 119,080 I61440j 171.000 194.270 























































































































430 HANDBOOK OF BUILDING CONSTRUCTION [Sec. 8-83 


SaFB SUPBBIMPOBBD LOAOS IM P 0UMD8 PBR Sq. FT. FOB 
One-way System Unit Steel Stress IS 000 lb. 


^ 12 

n * 15 

4" X 12^' X 12'' Tile, 4" Ribs, 16" o.. 2" Top 

1 6" X 12" X 12" Tile, 4" Aibs, 16"c., 2" Top 

Weight FI. per sq. ft. *■ 50# 

1 Weight FI. per sq. ft. * 60# 

Concrete per sq. ft. Tile per sq. ft. 

0.25 cu. ft. 0.75 cu. ft. 

Concrete per sq. ft. Tile per sq. ft. 

0 292 cu. ft. 0 75-6"' 

Values ? 

3 

.0027(1 

.249 

.918 

.00351 

.276 

.908 

.00491 

.3172 

.8943 

.00625 

.349 

.884 

.00767 

.378 

.874 

.0025 

.235 

.921 

.00351 

.274 

.909 

.0045 

.305 

900 

.00548 

334 

893 

.00697 

.372 

.887 

Reinforcemenl 
each rib 

2-*^"0 





2-98"^ 

2-H"^ 

2-H"^ 



1 

a 

1 

10 

87 

. •» 

122 

• •* 

187 



1 *«* 

1 184 

, SB 

288 

112 

365 



11 

. *» 

62 

92 

* *0 
146 

,102 

197 

m 

* ** 

1 142 

. 

219 

102 

291 




m 

mm 


mm 


mm 

* 

174 

04 

235 

115 

300 


13 

• *» 

31 

52 

• •• 

90 

. 

126 

,106 

164 

73 

, 68 

140 

86 

191 

106 1 

246 , 

14 


38 

*•« 

72 

• 

102 

, ss 

134 

,45 1 . •» 1 50 

64 1 112 1 167 

08 1 

204 ' 

15 


27 

55 

82 

, 02 

111 

48 

*»• 

89 

76 

129 

02 1 117 

170 ' 231 

16 



,66 

43 

67 

,86 

92 

• «» 

35 

,56 

71 

70 

106 

86 , 110 

142 196 

17 



.** 

32 

,66 

54 

75 


,51 1 66 

56 1 87 

81 , 108 

119 166 

18 




,68 

43 

61 


,49 1 *’*1 •• 

44 1 71 1 99 143 

19 




33 

50 


34 

69 

57 

72 1 02 

83 1 121 

20 








66 

46 

68 

69 

87 

103 

21 





_ _ _ 1 



58 

36 

66 

57 

84 

89 

22 






62 1 70 

46 I 75 

23 

Mri==y==gf 




69 

38 

76 

03 

24 






78 

53 

25 

When value of “4;” is less than J, Case I applies. 

When value of ‘*4;’* is greater than 0.3846, M» controls. 




70 

44 ^ 

26 

When value of "X;" is less than 0.3846, M, controls. 
^Indicates neutral axis in the flange. 




67 

37 

27 

WL 

Notb: This table is based on Af •> Top steel over support 

for negative *' JIf" same area A* as for positive at center of span, 





28 

top steel over supports extending ^ or H of span length. 

Por end spans, when use H of the combined superimposed 





29* 

load and dead wt. of floor given. 

WIj 

For simple spans, when M use H of the combined table values as for end spans. 


30 

\ 

V 

The unit shear v «• pg is given for each load value in smgll type. 

<jr.) 

% 

22,040 

i' 

31,690 

39,780 

'48.900 1 

33,600 

46,030 

56,650 

09,010 

87,280 


S7,2S0 
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Ck>MB»iA,TxoN Tils and Concbbtb Floobs 
Unit Concrete Stress ** 760 lb. 


8" X 12'" X 12'' Tile, 4" Ribs, 16" c. 10" X 12" X 12" Tile, 4" Ribs, 16" o., 
2" Top 2" Top 


Weight FI. per sq. ft. « 70#. 


Weight FI. per sq. ft. » 81# 


Concrete per sq. ft. Tile per sq. ft. Concrete per sq. ft. Tile per sq. ft. 

0.334 cu. ft. 0.75--8" 0.376 cu. ft. 0 T^lP' 

.00273 .00347 .00426 .00642 .00614 00284 00348 .00443 .00502 .0057 
250 280 310 . 350 . 372 . 264 264 334 . 358 . 381 

920 .914 .910 .906 .906 .925 .922 .920 .920 .919 


Continuous B^wob 


12" X 12" X 12" Tile, 4" R bs. 
1€^ c., 2" Top 

Weight FI. per. sq. ft. « 91# 

Concrete per sq ft. Tile per sq. ft. 
0 417 cu. ft. 0.75-12" 

.00295 00375 .00425 .00483 

283 .324 .348 .372 

933 .931 .930 .930 




MUIII 


1 - 

1 


3,54 


1 

98 

263 

105 1 

309 



88 

94 

159 

193 

79 

90 

139 

172 

76 

86 

122 

151 

74 

84 

107 

134 

71 

80 

93 

118 

88 

77 

80 

108 



im,960 17^,140 199,370 219400 
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" 12 


Values f 

i 


each rib 




^ ^ Sa» Sw»*fMFO«*»JLoawnj«PoPKi>«f*JBji)8Q.FT w *.. 

0»Mn«r Syatem- Stout Strei-iJoooT 


, 4" X 12" X 12" TUe, 4" Riba, 16"o, 2" Top lie" X 12" X 12" TUe. 4" Rib*. I6«c, a" Top 


Weight fl. per sq. ft. * 50# 


Weight FI. per 04. ft - 50# 


Concrete per sq ft Tile per og ft jj Concrete per eq ft Tile per sq ft 

0 26 ft 0 76-4^ Tile 0 292cu ft 0 76-6^ 


00276 

00351 

00401 

00625 

00767 

0025 

.00351 

0045 

.240 

276 

3172 

349 

378 

235 

.274 

305 

028 

.008 

.8943 

.884 

.874 

.021 

.000 

900 

2 -H'V 


2 -H"^ 

2-M"4 


2-H"4 

2 -H'V 



.00548 .00607 

.334 .372 

.893 .887 



When value of is leee than <r, Case I applies. 

a 

When value of “h*’ is greater than 0 375 lf«oontrols. 


26 When value of **k** is less than 0 376 Af* controls. 
* Indicates neutral axis in the flange. 



Nots: This table is based on M < 


Top steel over supports for negative M same area A* 


as for positive at center of span, top steel over supports extending to ^ or H of span. 


For end ^mns, when M ■>-j^>UBe H of tlm combinedsupeiimposed load and dead wt* of floor 
l^ven. 

^ wr 

For simide spans, when M ■> use H of the combined table values, as for end spans. 


Theunltshears «■ is given fmr each load value in small type. 
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Concrete 8trei§ 800 lb. 

.. . . . ^ _ Continuous Spans 

8"XX2"X12" Tile, 4" Rib*, 16" <• ,o,„ , '“i----- — 

a"Top ll’® ^ *2 X l2"rUc,4''Kibs.2"Top '^"X12"X12"Tae,4Rib»l0f ' 

^"SsMerir*** '^‘*o ?g: g3** If 

I 2M*^1 ??S’^li 22?*^l a®?'**! m*^\ 9?§02rM57 il 00385 1 00375 1 ^35 I 004M 

.020 


2-H'V 2-J^'V|2-«^''^ 2-H'V'j2-H"^j2-H"« 2-H"# j 2-»8"^j 

! li I find rmxforctmpnt and motnont foi any other width 


of nb than 4 '\ multiply momont and steel area “A«” 
each by distance center to enter of iibs and divide hv 
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table on p. 428 shows for an 18>ft. span that 6 X 12 X 12 tile, 4-in. ribs and 2-in. top, with two square rodr 
to each rib, will give a safe superimposed load of 119 lb. per sq. ft. when the shear is 87 lb. Or 8 X 12 X 12 tile, 
4-in. ribs, 2-in. top and two 5^^-in. rounds will give a superimposed load value of 116 lb per sq. ft. and 68 lb. shear. 
The latter combination will be accepted in this case for illustration. The value r *» 68 will require web reinforce¬ 
ment for each end of each rib. d — 9 in. Referring to Sect. 2, Art. 34r. 


T\ 


Vi 


(68 ~ 40m8) 

■ (2) (68) 

(68 - 40) (4) (3 70) 


3.70 ft 


( 12 ) 


2490 Ih 


A l^-in. round stirrup to 10,000 will have a value of 980 lb., which would require only say three stirrups at each end. 
* The resultant spacing may be considered unsatisfactory, spaced over the distance 3.70 ft. To give greater economy 
in the weignt of stirrups and in order to preserve the proper spacing, it will be necessary in this case to use wire of 
smaller gage than ^ in. A No. 8 gage wire has a cross-sectional area equal to 0.023 sq. in. Assuming the use of 
No. 8 wire, each stirrup will have a value 

(2) (0.023) (10,000) = 460 lb. 

2400 

* say 6 stirrups at (^ach end. 


Now the closest spacing at the end of rib is 

s 


(0.046) (10,000) . 

(68 - 40) (4) “ ^ 


No. 8 wire U-stirrups spaced two at 4 in., three at 5 in. and three at 6 in will bo isatisfactory, which will be two more 
at each end than obtained above. 

The above values for shear and moment at tne center lino of supports do not consider tne additional strength 
produced by the flange of the T-shaped beams. In determining the negative compression in ribs at supports, allow¬ 
ance for this may be made. The moment for each rib at the edge of flange may bo assumed to be about ?fth of 
maximum positive moment found at the center of ribs. Table A gives the moment 80,400 in.-lb. The moment at 
the support for the rectangular section of rib will then be 

M « (80,400)(H) » 68.900 in.-lb. 


One HAa. round of each rib will extend straight in the bottom and one ^-in round will be bent up at both ends 
at the quarter points, and will extend along the top over beams to the quarter points of adjoining spans. This 
arrangement will givs an equal steel area for positive and negative moments. Wh(»n stirrups are used at the 
ends of each rib the straight rods in the bottom may be considered to act in compression, but when stirrups are not 
used (which is more in accord with general practice for this type of floor construction, the shear for each rib being 
reduced to about 40 lb. by widening the ribs; the straight rods in the bottom cannot be expected to act effectively 
in compression. Stirrups in small ribs of this kind are very aw^kward to install and almost impossible to hold in 
position during construction, therefore a simple method of widening the nbs at the flange of beams will be illustrated 
ignoring the value of rods in compression. Referring to Fig. 121,8X8 tile 12 in. long will be used at the ends which 
will increase the width of concrete ribs to 8 in. instead of4in. 8XSX12 tile may be readily obtained from manu¬ 
facturers. The top steel at supports for each rib has an area equal to 0 60 sq. in. The percentage p for the section 
where ribs are 8 in. wide will W 

0.60 


From Table 2, p 1.52, 

Now the stress m the fop steel is 


M 

A«yd 


' 0.0083 

0.0083, it » 0 338 and j » 0.871 
68,900 


(0.60) (0.871) (9) 


14,700 lb. per sq. in. 


Referring to Diagram 2, p. 166, when p 0.0083 and/« «* 14,700, the concrete stress is found to be slightly less than 
660 lb. per sq. in. This method gives a more definite assurance that the proper resistance to negative compressive 
stresses will be carried out in actual construction, whereas the use of stimips invites carelessness in execution. 

T-beam Detion. 

Weight of tile and concrete floor 70 lb. per sq. in. 

Superimposed load 118 lb. per sq. ft. 

Total floor load >■ 188 lb. per sq. ft. 

Load per linear foot on beam (188; (18) 8880 

Load of beam per linear foot assumed ■> 460 

Total load « 8880 lb. per tin. ft. 

As a gsnsn^ rule, heasss in eoimeotion with hollow til^aiid eonerete floors some under Case 1 (see Sect. 2^ Art* 40s)* 
f1>S flaiigs% fhado the same thiokness as the floor, w^eti in this esse ie 10 in. 
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Buildings are usually planned to obtain tbs least story height. Beams tnat extend too far beneath the lower 
surface of slab will lessen the clearance required between the imderside of beam and floor level and therefore are 
objectionable. 

After making rough trials it will be found that a section 16 in. wide by 23 in. effective depth will fulfill the 
requirements for shear* or* 

(3830)(9) 

®" mnr/mm ~ “• 

A beam 16 in. w’ide and with d «*» 23 in. will be considered satisfactory. 

f 10 yx sow 

d “ 23 “ 


Now the approximate steel area A a required will be 

1,240,900 

' “ (0,87) (23) (16,000) 


3.88 sq. in. 


'J’he flange will be assumed to extend 6 in. beyond each face of web, then h «■ 28 in. 


_ _^88 
^ ~ (2SH23) 


0 0060 


Hoferring to Diagram 6, p. 168, when ^ “ 0.43.5 and p « 0.006, it is at once determined that the neutral plane is in 

the flange. Case I applies. Since rectangular beam formulas apply. Tabic 3, p. 152, shows that the controlling 
value for p is 0 00760 when A « 16,000, /c 650 and n = 15 The value ;> = 0 006 indicates that the concrete 
sfress will be less than the assigned value for /<• and that the steel will control. To confirm this understanding, 
the formulas governing this ease will be used to check the above results. 

Using Table 2 


P «= 0.006, Ar « 0 .344, and j * 0.885 


The unit stress in the steel and concrete will be 


A 

A 


1,240,900 

(3.88) (0.885) (23f 1^,710 lb. per sq m. 


(2)(15,710)(0 0060) 
0.344 


548 lb per sq. in. 


The flange width 6 «» 28 in. will be used as it is better to have more flange area than is required in this kind of con¬ 
struct ion on account of working conditions at tnc building, which make it a difficult matter to maintain an accurate 
specified space between the ends of tile and the beam sides. 

The steel bars will now be selected to conform to the steel section. A* » 3 88. Three J^-in. rounds straight in 
the bottom and two rounds bent will give a combined area equal to 3.80 sq. in. The bent rods will be 

arranged as shown in Fig. 121 and extending to the one-fourth point of adjoining beams. Diagram 8 shows that 
tlie two l>^-in. rounds or 62 % of the total area may be bent up at point 0.21 or 3 ft. 9 in. from the center line of 
support. 

The shear v has been found to be 107 lb. per sq. in. After appl 3 ring the formulas the following results arc 
obtained: a;i ■» 6.63 ft., Vi 36,210 lb., and assuming H-in. square U-stirrups at 10,000 lb. per sq. in., the total 
number of stirrups for each end will be 13, and « » 2.6 in. The stirrups at each end may be spaccnl 3 at 3, 3 at 4, 
3 at 6 and 4 at 8 in. center to center. As bent rods will not be used at the supports to resist diagonal tension, the 
stirrups are proportioned to take the entire shear represented by triangle with height ® m = 67 and base ti 5,63. 

Additional bent rod units may be used to take the entire shear, but a practical arrangement for them is more 
difficult to obtain than in the case of stirrups at continuous ends of beams. 

A simple trial will first be made to ascertain if the rectangular section for negative moment is sufficient without 
considering the compression rods. The four lH*in. rounds in the top over supports have an area A« « 3.97 sq. in. 


3.97 


> 0.0108 


(16)(23) 

„ 1,240,900 ^ 

^ (16) (23)* 

Diagram 2 shows, with p •" 1.08 % and K ■■ 146, that the concrete is stressed to slightly less than 800 lb. and 
the steel to less than 16,000 lb. With the presence of compression rods, it will be noted from the values obtained 
that the section at the support will give adequate strength, without resorting to further investigation. It has been 
noted in Sect. 2, Art. 40/, that the negative moment decreases rather abruptly from the point of greatest intensity 
over the supports and hence only a small portion of a continuous member will be subjected to the greatest stress. 
For this reason higher working stresses may be assumed at this point, without endangering the strength of the 
member. 

The more accurate formulas lor double-reinforced rectangular beams could be applied to obtain the accurate 
•tresses, but it is hardly worth tlie while, if the section is known to afford safe resistance for negative stress. 

The bond stress along the four IH-w* rounds at the top of beam near support is 

“ ” ^ 

The tensioik rods in continuous beams over the supports, in important cases, require inverted stirrups to anchor them 
into the body of Uie beam. These inverted stirrups should be separate from the stirrups which are designed prim¬ 
arily to resiit diagonal tension at the ends. It is essential that the main stirrups engaga the straight rods lo the 
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bottom at aupports, otherwiae tbe value of straicbt rods ai oompreaeive reinforoement, may be eompated with the 
value of loacituduial rods of a column without banda. 

When designing a structure composed of many different ordinary members of simple 
construction! the experienced engineer as a general rule, has not the time at his disposal or the 
inclination to engage in long theoretical calculations to determine what is required to safely 
and economically support the dead and superimposed loads. The engineer who has been 
engaged in the design of practical structures for a number of years develops judgment, intuition, 
perception and a quick comprehension of the proper proportion required for members when 

ordinary problems of design arise for solution. In the 
absence of tables, simple cases of design may be solved 
by the use of approximate formulas, making it unnec¬ 
essary to resort to the more complex and longer methods 
of calculation. 

Fw. 122. In many forms of construction it is possible to 

prepare tables that will give directly the requirements 
desired for given conditions, such as Tables 11, 12, and 13 for combination hollow tile and con¬ 
crete joists. 

84. Metal Floor-tile Construction.—Metal floor tile, although made by a comparatively 
few manufacturers, are used to no little extent as a substitute for hollow tile. Fig. 122 shows a 
typical cross section of combination metal tile and concrete floor construction. This type of 
floor gives a smaller dead weight than hollow tile construction per unit of area and the economy 
of one over the other should be determined by making comparative estimates. 

The upper aurfaco of the metal tile is corrugated or depressed at intervals to prevent sagging when exposed to 
working conditions after being placed in position on the formwork. If the gage of the metal is too light or the 
corrugations are not of sufficient depth and spacing, sagging will inevitably occur, resulting in a material loss of 
concrete, by increasing the specified thickness of the top. 

As in the case of tile construction, the metal domes create voids in the concrete and form a system of small 
T-beams. The design of this type of floor is identical to that of tile and concrete rib floors. In the case of Hy- 
Kib ceilings the bottom edges of the metal tile are serrated to straddle the ribs. This type of flat metal ceiling is 
laid in place on the formwork before the metal tile are placed. 

Metal tile are also manufactured in the shape of domes for two-way reinforced panels. 

86 . Gypsum Floor-tile Constructioii.—Gypsum is one of the best known non-conductors 
of heat and cold. Besides being used for partitions in buildings, it is now extensively employed 
in the form of floor tile in combination with concrete for 
long-span floor construction. Gypsum floor tile are cast 
from molds, and are made from dense, hard gypsum, with 
sides, bottom, top and ends cast integral. The end 
feature of these tile insures against waste of concrete in 
the event tile is displaced during construction. Fig. 123 
illustrates this type of floor. The joist spacer in the Fxo. 123 . 

bottom of each concrete rib which preserves intact the 

specified width of rib, is one of the cardinal advantages of this system. Metal lath ceilings 
are eliminated by the use of this construction and the plaster is applied directly on the gypsum 
surface. Each tile is reinforced throughout with metal fabric to prevent breakage beyond 
reasonable expectations, during shipment and handling. 




Sixe of gypsum floor tile (see Fig. 123) 


A *■ l>epih of Joist.. 

Ola* 

Sin, 

B Height of tile. 

Tin. 

Oin. 

Wei^it Un. ft.. .. 

..■.i.i. ....... 

m 

lb. 

BTlh, 


10 ia. 

11 in. 

80 IK 
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Flat gypAum tile are manufactured principally for the roofs of factory buildings The tile are reinforced in 
the bottom and are designed for a safe uniform load of 100 lb per sq ft Each unit is 30 X 12 X 3 in. thick and 
weighs 13 lb. per sq. ft. 

86 a. Collapsible Wood Forms for Floor Construction. —During recent years, 
collapsible wood forms have been introduced on the market in competition with metal, hollow 
clay tile, and gypsum, comprising another means of constructing floors and roofs consisting of 
a series of small T-beams. 

One type of wood form popularly employed consists of form units that are made collapsible, 
permitting the soffit board or supporting member of each concrete joist to remain intact until the 
remaining forms and supports 
can be removed with safety. 

This operation permits the col¬ 
lapsible units to be removed 
with safety. The operation also 
permits the collapsible units to 
be removed at an early stage 
and reused for other parts of the 
construction (see Fig. 123A). 

Wood forms have the advantage over similar systems in that the distance center to center 
of concrete joists may be varied to suit the economical and other requirements of design. The 
economy of this type of floor construction, as in the case of other systems, is a matter of conjec¬ 
ture until comparative designs and costs are made to arrive at reliable conclusions. 

86 . Beam Schedules. —Fig. 124 shows two typical arrangements for beam schedules, 
which concentrate in detail the information desired for the preparation of steel order lists and 



Fig. 128il. 
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to simplify the work of the superintendent during the erection of a structure. With such 
schedules available the superintendent may select in advance the material desired for any one 
member or collection of members. Knowing the number of beams required and the dimensions 
for the sections, falsework for the beam sides and bottoms may be readily constructed in advance 
for the entire building. Schedules are especially adapted for beams of simple design, or those 
that have a uniform section throughout, with reinforcement bent symmetrical about the cent<3r 
line of the member. The location of ^^rod bends” from the center line of bearings should be 
indicated for special reinforcement as shown for B 30 and B 31, Fig. 124. Tiiere is little excuse 
for wrong installation if the drawings are made clear, concise, and entirely convenient for ready 
reference. 

It is often necessary to prepare complete details for complicated beams or girders and project the location of 
straight and bent rods from the elevation. Details with projected reinforcement, such as indicated in Fig. 126, 
clearly show the relative position and bends for each rod. Sonic drawings prepared without due regard for accu¬ 
racy require the most expert interpretation to fathom the probable intentions of the designer. Superintendents 
have often been observed making their own interpretations by guessing at the requirements. After the con¬ 
crete is poured no one else will be any the wiser unless failure oceurs. In the event of failure, the designer is deserv¬ 
ing of blame and not the superintendent. 

87. Ransome Unit System.—Plate 1 shows the main details of this system. The girders 
are notched along the top at intervals of about 4 ft. to receive the beams. The stirrups and bent 
rods of these girders are so arranged as to insure a mechanical bond between the girder and slab. 
The ends of girders are widened, so as practically to cover the cap of the column. The ends of 
beams which fit into the pockets of the girders are dove-tailed to increase the anchorage at th(‘s(‘ 
points. 



The Blabs which span an average of 4 ft. are poured on forme previously erected between the beams. Ledgers 
are b<dted to the sides of the beams upon which the slab forma rest, thus eliminating vertical shores from the door 
below. As a eonsequenoe of this procedure in the construction of this type of floor, the beams and girders are 
designed to carry their o^n dead weight, the weight of the floor ^b, and the conatruotion loada inddent to building 
operationa. ^ 
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The shortness of span and the nature of the oonstruotion permit of removing all forms in the shortest time. 

The columns are reinforced with longitudinal rods and bands or hoops in addition to a longitudinal rod inserted 
in a corod hole extending through the center of the column. The holes are grouted from the top after the beams 
and girders are set in place. The cored hole is made larger and flared out at the base of column to give an even bed 
for bearing. The loads from columns in one story to that of the other beneath are transferred entirely by means 
of flared caps and bases and are not assisted by the lapping of any longitudinal rods, as is ordinarily done in mono¬ 
lithic construction. 

88 . Saw-tooth Roof Construction.—Saw-tooth roofs arranged to provide a diffusion of 
north light and ventilation have been found esi)ccially adapted for factories and machine shops. 




Section 
Fia. 125. 


The cost of this type of roof is somewhat in excess of the ordinary flat arrangement of reinforced 
concrete oonstructioni or saw-tooth roofs built of other materials, but the advantages gained 
in efficiency, fireproofness, and maintenance in the case of concrete more than offset the addi¬ 
tional cost entailed. 

Fig. 125 shows a typical arrangement for reinforced concrete saw-tooth roof construction. 
The effectiveness of light afforded will depend to a considerable extent on the angle at which 
the sash and glass are placed. In the example given in Fig. 125, the glass surface has an angle 
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ol 24 dog. 26 min. 12 sec. with the vertical, which has proven entirely satisfactory. Then again 
the lower edge of sash should be a sufficient distance above the surface of trough formed by the 
saw-tooths over the main supporting girdens, to prevent leaks from occurring when snow is 
banked over the area. All troughs should be arranged for proper drainage. 

The saw-tooth roofs shown in Fig. 125 arc supported by beams R and Ri, each having a 
span of 49 ft. 6 in. center to center of supports. The design of these members is shown in Fig. 126. 
On account of the loads from the 8x8-in. posts Jbeing distributed through the 11-in. walls to the 
beams, the entire dead and live loads were considered uniformly distributed when deriving the 
maximum positive and negative moments for three spans. 

It will be interesting to note that since the dead load of the construction is considerably 
greater than the live load (in this case approximately three times the live load), the maximum 
positive moment at the center of interior span is much less than the moment obtained by for- 

mula “ 22 * assumptions used in the design, Fig. 126, could hardly be realized 

under normal conditions for a roof subjected only to strains occasioned by dead load, snow, 
wind, and water, but were used and moment lines plotted accordingly to provide a more accurate 
distribution for the steel reinforcement than could be obtained by the approximate moment 
assumptions usually employed in the design of important members. 

The design of long-span continuous members frequently requires the splicing of the reinforc¬ 
ing bars, due to the difficulty of securing the bar length desired in single units. In the design of 
beams R and 221, Fig. 126, the bars were spliced as shown at points where the moments would 
permit. Each rod splice was secured together by two J^-in. U-bolts, which proved more practi¬ 
cal and effective in this instance than wire of small gage. 

As in the case of Beams B and Bl, Fig. 46, p. 146, the reinforcing bars for maximum positive 
and negative moments in beams R and 221, Fig. 126, were proportioned for moments M = 

-jg and -j^, on account of the building ordinance requirements which had to be complied with. 

To insure fireproofness and permanency, .saw-tooth skylights are preferably glazed with 
Ji-in, wired glass securely fastened with glazing clips in metallic frames. Movable sash are 
mechanically controlled by operating devices. 

FLAT SLAB CONSTRUCTION 
By Arthur R. Lord 

89. In General. —Flat slab construction consists of a concrete slab of practically uniform 
thickness so designed that the slab carries and transfers the load coming upon it directly to the 
columns. This form of construction, first conceived by Norcross and Hill in the closing years 
of the nineteenth century and energetically promoted by Turner and Leonard early in the 
present century, has long since come to be the usual type for warehouses and factories. It is 
also widely used for viaducts and bridges and in buildings of the hotel, apartment, and office 
classes. 

Early designs were entirely empirical, and some of the early structures have proved unsatis¬ 
factory. Present design standards are based on stresses observed in extensometer tests of 
completed buildings or special test panels as made since 1910 by Lord, Slater, Hatt, and others. 
We are still lacking any adequate mathematical analysis for this type of construction, but the 
early discord and argument has largely died out since the expiration of the basic Norcross patent,^ 
and tiie difference in the design ordinances now in most common use are not great. 

90* Types of Flat Slabs. —^There are two classifications of fiat slab construction in common 
use, one based on the concrete and the other based on the arrangement of the reinforcement. 
As based on the concrete, we have: 

(o) Drop consfnicfwm, the usual flat slab with drop panel resting on enlarged column 
capitals* 

(b) CapUd comtruetion, the type having a uniform slab throughout (no drop panel) and 

rest^ on capitals. 
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(cf) Drop Construction [b] Capita! Construction 



(c] Column Construction (d) BaneL Construction 
Fio. 127 —Types of flat slabs. 
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(c) Column eomirtuiion, the type having a uniform slab throughout and resting on columns 
without capitals. 

(d) Pand conatructionj like o, 6, or c but having recessed panel in ceiling to reduce slab 
thickness at center of floor panels. 

(e) Filler conaiructiony in which tile fillers or metal forms are used to Ughten the weight. 
Otherwise like a, 6, or c. 

As based on the reinforcing steel, we have five types: 

(1) The onginsl four-way type^ in which bands of reinforcing rods extend from column to 
column in both direct and diagonal directions. 

(2) The two-way type, in which the diagonal bands of type 1 are replaced by secondary 
bands extending parallel to and between the direct bands. 

(3) The three-way type^ in which the bands extend in three directions directly between 
columns placed at the apices of triangles. (Top rods are omitted in Fig. 128.) 

(4) Types combining features of the above, as, for example, four-way reinforcing at the 
center combined with two-way reinforcing at the column head. 

(5) Types employing sets of concentric reinforcing rings instead of bands of rods, in part 
or in whole. 

The most common types combine classifications lo or 2a for maximum economy. Classes 
Ic and 2c are used in hotels and office buildings where drops and capitals are objectionable from 
architectural considerations. The use of ring reinforcement, as in class 5, is subject to serious 
objections. Such systems, unless the ring bars are a negligible part of the whole reinforcement, 
are liable to cause cracks which leave the slab weak in shear resistance, and they also must be 
expected to exhibit continuously increasing deflection and sagging due to the flow or time yield 
of the concrete in compression against the rings. 

91. Design Standards.— No accepted national standard for flat slab design exists today. 
The American Concrete Institute tentative standard, Reinforced Concrete Building Regula¬ 
tions, adopted in 1927, will be used in this discussion.^ This standard is based upon and is a 
copy of the Joint Committee Specifications as contained in their 1924 report.* It is changed 
from specification to building code language, and certain formulas for computing compressive 
stresses in the concrete are omitted as requiring unnecessary calculations. By the A.C.I. 
regulations these stresses are computed in the usual way for the various design strips. The full 
text of the A.C.I, regulations as applying to flat slabs is given below. As compared with the 
widely adopted Chicago flat slab code, the A.C.I. standard presents the same total bending 
moment distributed somewhat differently to accord with a large amount of test data not avail¬ 
able when the Chicago code was drawn. It requires slightly thicker slabs and less reinforcing 
steel. The A.C.I. standard has the very great advantage over the older city codes of presenting 
a single set of provisions applying consistently to all types o to d and 1, 2, and 4, as given above. 
It does not give detailed rules for type 3, as this type has not come into general use as yet. It 
definitely rules out type 5 unless the amount of ring reinforcement is quite small. 

92. A.C.I. Standard Regulations for Flat Slabs.— (Two-way and Four-way Systems with 
Square or Rectangular Panels.)' 

IC-l. Ltmtla<t<m 9 .—The term flat slabs* as used in these regulations, refers to concrete slabs, having reinforce¬ 
ment bars extending in two or four directions, without beams or girders to carry the load to supporting members. 
The moment ooeffioients, moment distribution, and slab thicknesses specified herein are for slabs which have three 
or more rows of panels in each direction and in which the panels are approximately uniform in sise. Slabs with 
paneled ceiling or with depressed paneling in the floor shall be considered as coming under the requirements herein 
given, provided the depth of the thicks portions of the slab does not exceed 1.5 times the depth of the remainder of 
the slab. 

These regulations shall not apply to flat slabs in which the ratio of length to width of panel exceeds 1.4. 

K-2. Pand StripB and Principal Decign Saction ,—For convenience of reference, a flat slab panel shall be con¬ 
sidered as consisting of strips as follows: 

A middle atrip one-half panel in width, symmetrical with respect to the panel center line and extending through 
the panel in the direction in which moments are being considered. 

Two column strips, each one-q\iarter panel in width, occupying the two quarter-panel areas outside the middle 
•trip. 

When moments in (he direction of the width of the panel, the panel is similarly divided by strips, 

the widths of which are respectively one-half and ono-quarter of the length of the panel. 

»A-O.I. regulations modified slightly in 1028. See Appendix K for the amended regulationa. 

^See Appendix I. , 
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In the iucoeeding paragraphs, the provisions for limiting moments, etc., are related to oertain ciitioal sections. 
Theee sections are refeired to as the principal design sections and are located as follows: 

Sections for Negative Moment.—These shall be taken along the edges of the panel, that is, along the lines 
joining the column centers. For the column strips, the section shall follow the center line between columns to 
. the edge of the column capital (t.e., to a point c/2 


Cnhool Section 






.iLrti- 


— 

I 11 1i where AT* sum of positive and negative bending 

! --r— —r moments, at the principal design sco- 

I I » tions, in the direction in which the 

I L— ... J length is given by L This moment is 

I in foot-pounds where the other items 

, ... . are in the units indicated below. 

Design stnps at ngf^ angles ore , . aiameter in feet of the ler*«t right 

similarly locatea. ciTcuUr cone which liee entirely within 

Fio. 129.-De*ign .trips and principal uioiuent .octione. “I"™” On^uding the ^pital) the 

^ vertex angle of which is 90 deg. and 

the base of which is IH in. below the bottom of the slab or the bottom of the dropped panel. 

I span length in feet of the flat slab panel, center to center of columns in the direction in wliich moments 
are considered. (When considering moments in any direction, the width of column and middle strips 
must be related to the length of span at right angles to that in which moments are being considered.) 
W ■■ total dead and live load in pounds uniformly distributed over a single panel area. 

J!iC-4. Momenta in Principal Design Sections .—The moments in the principal design sections shall be those 
given in the aceompansdng table of moments, except as follows: 

a. The sum of the maximum negative moments in the two-column strips may be greater or less than the values 
given in the table of moments by not more than 0.03M*. 

b. The maximum negative moment and the maximum positive moments in the middle strip and the sum of the 
maximum positive moments in the two-column strips may be greater or less than the values given in the table of 
moments by not more than 0.01 Mo. 

Mombnts to B® Used in Dbsxon of Flat Slabs 
For Interior Panels Fully Continuous 


^Mkkl/9 Sfrrfi 






from the column center) and then abound the circum¬ 
ference of the column capital for a one-quarter 
circumference. 

Sections for Positive Moment.—Th^e shall be 
taken on the center line of the panel, crossing the 
strips for which moments are being considered. 

X-3. Momenta in Interior Panda .—In flat slabs in 
which the ratio of reinforcement (p) for negative 
moment in the column strip is not greater than 0.01, 
the numerical sum of the positive and negative 
moments in the direction of either side of a rectangu¬ 
lar panel shall be not less than that given by Formula 
( 1 ). 

M. - 0.09m(l - 


Design Strips at right angies ore 
simiiorig iocoted. 

Fio. 129.—Design strips and principal moment sections. 


Flat slabs without dropped 


Flat slabs with dropped panels 



Slabs with two-way reinforcement 


Column strip. 0.23Af* O.llAf, 0.25Jlf. 0.10M« 

Two-oolumn strips.... 0.46Jlf» 0.22Af* O.BOMo 0.20Mo 

Middle strip. O.ldilf. 0.16Af» O.UMo O.UMo 


Slabs with four-way reinforcement 


Column strip. 0.25Afp O.lOAf* 0.274#. O.O054f# 

Two-otdttmn strips. 0.50Af* 0.301#. 0.141#. O.lOOl#* 

Middi. strip. O.lDJr. O.Sait, O.MJT. O.lMtf. 
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X- 6 . Lateral Dimensione of Dropped i>a»rf«.~The dropped panel ahall have a length or diameter in each direo- 
hon parallel to a aide of the panel of not leas than one-third the panel length in that direction. 

iC-e. Thickneee of Slabe and Dropped Pond*.—The total thickneaa of the slab through the dropped panel (i, in 
inehea. or of the alab if a dropped panel ia not uaed, ahall be not leas than the value given by Formula (2). 

ii « 0.038(l - 1-44^-)^ 

where B - ratio of negative moment in the two-column strips parallel to the length to the total moment M 0 ; 
vf M uniformly distributed dead and live load per square foot; 
h "■ width in feet of the panel at right angles to the direction of the length f; 

bi * dimension in feet of the dropped panel in the direction parallel to /i, except that in a slab without 
dropped panel 61 shall be taken as 0.5ii. 

For slabs with dropp<»d panels the total thickness in inches at points beyond the dropped panel shall be not leas 

than 

<1 - o.oavw' + 1 ( 8 ) 

The dropped panel shall have a thickness ti not greater than l.fils. 


In determining minimum thickness by 
Formulas (2) and (3), the value of I ahall be 
the panel length center to center of the col¬ 
umns, on long side of panel, and the value of 
l\ shall be the panel width, center to center 
of the columns. 

The slab thickness t\ or U shall in no case 
be leas than f/32 for floor slabs and not less 
than 1/40 for roof slabs. 

JSr-7. Wall and Other Irregidar Pands ,— 
In wall panels and other panels in which the 
slab is not continuous with an adjacent panel, 
the maximum negative moment at the edge of 





Crifioil Section ibr Shear' 
outside Of Prof) Pone/ 


Fiq. 130.—Critical sections for shear as governing diagonal tension. 

the panel opposite to the discontinuous edge and the maximum positive moment at the center of this panel shall be 
increased as follows: 

o. In the column strip perpendicular to the wall or discontinuous edge, 15 % greater than that given in the 
table of moments for interior panels. 

h. Middle strip perpendicular to wall or discontinuous edge, 30 % greater than that given in the table of 
moments for interior panels. 

In these strips the bars used for positive moments perpendicular to the discontinuous edge shall extend to the 
edge of the panel at which the slab is discontinuous. 

At the wall or discontinuous edge the negative moment in the column strip shall be taken as not less than 90 % 
and in the middle strip not less than 65 % of the corresponding moments for a normal interior panel as given in the 
table of Sect. K-4. 

K-8. Pande rvith Marginal Beame .—In panels having a marginal beam on one edge or on eacn of two adjacent 
edges, the beam shall be designed to carry at least the load superimposed directly upen it, exclusive of the panel 
load. A marginal beam which has a depth greater than the thickness of the dropped panel into which it frames 
shall be designed to carry, in addition to the load superimposed directly upon it, a uniformly distributed load equal 
to at least one-fourth of the total live and dead load for which the adjacent panel or panels are designed. Slabs 
supported by marginal beams on opposite edg^ shall be designed as freely supported slabs for the entire load. 

Column strips adjacent to and parallel with marginal beams having a depth less than the thickness of the 
dropped panel shall be designed to resist the moment specified for a column strip in the table of moments. Column 
stripe adjacent to and parallel with marginal beams having a depth greater than the thickness of the dropped pand 
shall be designed to resist a moment at least one-half as great as that specified for a column strip in the table of 
moments. 

In wall columns where brackets are used in place of capitals, the value of c in the direction in which the bracket 
extends shall be taken as twice the distance from the center of the column to a point in. back from the edge of 
the bracket and averaged with the value of c for an interior column capital in the computation for moment in For¬ 
mula (1). The value of e for column strips puallel with and adjacent to marginal beams shall be taken as equal 
to the width of the wall column if no bracket is used in this direction. 

JS!-9. Fled Slabe on Bearing Walle, —Where there is a beam or a bearing wall at the center line of columns jn 
the interior portion of a continuous flat slab, the negative moment at the beam or wall line in the middle strip per¬ 
pendicular to the beam or wall shall be taken as 30 % greater than the negative moment specified in the table of 
moments (Sect. K-4) for a middle strip. The oolumn strip adjacent to and lying on either side of the beam or wall 
shall be designed to resist moments at least one-half of those specified in the table of moments (Sect. K-4) for a 
cdunm strip. 

ItlO. Paint ef IntUeHon. —In the middle strip the pmnt of inflection for the slabs without dropped paneto shall 
be aeeumed at a line O.aOf disUnt from the center of the span and for slabs with dropped panels 0.261 distant hwm 
the o 0 nter of th0 span. 

in the cedumn strip the point d inflection for slabs without dropped panels shall be at a line 0.30 (I — c) dis¬ 
tent from tbe.eenter of the panel and 0.25 (1 ~ c) for slabe with dropped panels. 
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iC-ll. Effective Reinforcenteni .—The reinforcement which orossos any section and which fulfils the require¬ 
ments given in Sect, K-12 may be considered as effective in resisting the moment at the section. The sectional 
area of a bar multiplied by tlie cosine of the angle between the direction of the axis of the bar and any other direc¬ 
tion may be considered effective as reinforcement in that direction. 

K»X2. Arrangement of Reinforcement ,—Provision shall be made for securing the reinforcement in place so as to 
resist properly not only the critical moments but also the moments at intermediate sections. Provision shal’ 
also be made for possible shifting of the point of inflection by carrying all bars in rectangular or diagonal directions, 
to points at least 20 diameters beyond the point of inflection each side of a section of critical moment, cither positive 
or negative. Lapped splioes shall not be permitted at or near regions of maximum stress except as described m 
Sect. F-5. At least four-tenihs of all bars in each direction shall be of such length and shall be so placed as to pro¬ 
vide reinforcement at two sections of critical negative moment and at the intermediate section of critical positive 
moment. Not less than one-third of the bars used for pc^itive reinforcement in the column strip shall extend into 
the dropped panel at least 20 diameters of the bar or, in case no dropped panel is used, shall extend to within one- 
eighth of the span length from the center line of the column or the support. 

JC-13. Special Panel Arrangement .—For structures having a width of less than three (3) rows of panels, or in 
which irregular or special panels are used, an analysis shall be made of the moments developed in both slabs and 
columns. When so required, computations shall be submitted to the commissioner of buildings for approval. 

7-6. Shearing Stress in Flat Slabs .—In flat slabs, the shearing unit stress computed by Formula (4) (in which 
d shall be taken as ti — on a vertical section which lies at a distance <i — 1>2 from the edge of the column capi¬ 
tal and parallel with it shall not exceed 0.02/% multiplied by tne following factor: 1 plus the ratio which the-cross 
sectional area of the negative reinforocment in the width of strip directly above the column capital bears to the 
cross sectional area of the negative reinforcement in the full width of two column strips. At least 25 % of the total 
cross sectional area of the negative reinforcement in two-colurnn strips must be within the width of strip directly 
above the column capital. 



In no case shall the unit shearing stress exceed 0.03/% 

The shearing unit stress computed by Formula (4) (in which d shall be taken as it — IM) on a vertical section 
which lies at a distance of <2 — from the edge of the dropped panel and parallel with it shall not exceed 0.03/% 
At least 50 % of the cross sectional area of the negative reinforcement in two-column strips must be within the 
width of strip directly above the dropped panel. 


93. Moment Coefficients.—The A.C.I. regulations follow the Joint Committee in prescrib¬ 
ing different moment distribution for four-way and two-way flat slabs and for slabs with or 
without drop panels. They also permit of small changes in these coefficients (sec Sect. K-4) at 
the option of the designer. Space will not permit us to take up all of the various types of flat 
slabs to which the regulations are readily applied. We will first consider in detail the four-way 
type with drop panel and column capital—type la. Since the A.C.I. regulations require thicker 
slabs than Chicago, for instance, we shall vary the coefficients in the table as follows, throwing 
slightly less moment to the column head and more to the other sections, all as provided in the 
regulations: 

Negative moment at column head —Me — 0.5lMo 
Positive moment on direct band -fAfc =* 0.20Mo 
Positive moment on diagonal bands A-Mm *= O.2OM0 
Negative moment to top rods —Mm - 0,09Mo 

While the moment A-Mm is equal to the right sectional area of rods in one diagonal band 
will be 0.7 of that in a direct band, for square panels, since components of two diagonal hands 
are effective in resisting +Mm* 

94. Slab and Drop Thickness.—A.C.I. Formula (2) for drop thickness appears very 
complicated and is made so by its wide range in application to all types of flat slabs. It becomes 
very simple when the usual office standards are applied to a single type of flat slab construction. 
In addition to the slight change in moment coefficients for four-way slabs noted above, we shall 
consider that the side of the drop will always be 0.35i and that the diameter of the column 
capital will ^ways be 0.2252. 

Considering the typical square panel, in which h * 2, we have 

h - in. (2A) 

for slabs with drop panels, and 

; , It - + Ig in. (2B) 
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for slabs without drop panels. Since the limitation in paragraph K -6 (that the drop panel 
thickness shall not exceed times the slab thickness) commonly governs, a single formula 
may be written for slabs with drop panels, replacing ( 2 ) and ( 3 ), as follows: 

/s = g-g^V^'+ 1 in. (34) 

which gives the slab thickness ^ 3 , of which the drop projection below the slab ceiling is commonly 
one-half. 

96. Design Diagram.—For any selected office standards a simple design diagram for flat 
slab floors may be readily computed and plotted. Diagram 1 is made for the set of office 
standards as indicated above and applies to four-way interior square panels in which the side 
of the square drop panel is 0.35/ and the diameter of the column capital is 0.225Z and the moment 
coefficients are as listed in Art. 93. The diagram is based on a fixed relationship between tlui 
steel area required in the top bars (—section) and that required at the other sections. The 
establishment of this relation very materially reduces the labor of computation while the use 
of the diagram permits of the selection of the steel areas at all principal design sections in a few 
seconds. Shearing stresses are within the A.C.I. and Joint Committee requirements for all 
designs selected from the diagram provided that at least one-fourth of the long bars in the direct 
and diagonal bands are arranged to pass directly over the column capital and that at least 
one-half of them pass directly over the drop panel. With the usual even distribution of long 
and short bars across the band width of 0.4/, more than the required minimum proportion will so 
pass over the capital and drop and this rule requires no special consideration. 

96. Use of Design Diagram.—In using the diagram, the slab thickness is obtained from 
the upper portion of the diagram. The drop thickness (projection below the slab ceiling) is 
one-half of the slab thickness. The dimension of the side of the square drop panel and of the 
column capital are stated at the top of the diagram. This completes the concrete design. 
The lower portion of the diagram gives the steel area required in the top bars ( —Afm), in the 
long bars of the direct band (lapping across the column heads on either end), and in the short 
bars of the diagonal band (lying straight in the bottom of the slab). This steel area is the right 
sectional area of the bars in each group, and the number of bars is found by dividing this area by 
the area of one bar of the size {% in. round, 3 ^ in. round, in. square or % in. round) selected 
for use. The steel area required in the short bars of the direct band (lying straight in the bottom 
of the slab) is 1.22 times the area found in the diagram, while the steel area required in the long 
bars of the diagonal band (lapping across the column heads at either end) is % times the area 
found in the diagram. No computation need be made for the column head section (—Me), as 
the values determined in this manner from the diagram satisfy the column head requirements. 
The bars selected for the long bars in the direct and diagonal bands should never provide less 
than the area determined from the diagram. If the selection of bars for these long bars involves 
a waste (if we have to use 7 bars instead of for example) the number of bars in the short 
rods of the same band may be reduced in area by the amount of the excess in the long bars. It 
has been customary to use the same size of bars in the long and short portions of any one band, 
but there is no objection to using larger bars in the long portion than in the short portion (or 
vice versa), and this diagram facilitates such design. If any considerable increase in bar size 
from usual practice is made, however, the steel area should be increased to compensate for the 
reduction in d, the effective depth. The following problem has been solved by complete calcu¬ 
lation and by use of the diagram. 

97. Lengfli of Bars. —For any given set of office standards, the bar lengths as determined by 
the A.C.I. and Joint Committee provisions become definite multiples of the panel dimension /. 
For the office standards heretofore adopted, the length of rods becomes: 

Top rods, 0.5/ between points of inflection on middle strip plus 20 bar diameters at each 
end (0.5/ -f 40D). 

Short rods of direct and diagonal bands, 0 . 66 / between edges of drop panels plus 20 bar 
diameters at each end (0.05/ + 40D). 
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Long rods of direct bands, panel length I plus 0.225f for the half^ooluznn capitals on each 
side plus 0.51(1 -- 0.225) for the distance to the point of inflection in each adjoining panel plus 
20 bar diameters on each end (1.6121 4* 402>). 

Long rods of diagonal bands, 1.4141 for the diagonal panel length plus 0.2251 for the half' 
column capitals on each side plus 0.51(1 — 0.225) for the distance to the point of inflection in 
each adjoining panel plus 20 bar diameters on each end (2.0261 -f 40D). 

These bar lengths are somewhat longer than have been used. Some saving in steel may 
be effected by using two lengths for the short bars, since only one-third of the total steel in the 
direct band is required to extend 20 bar diameters into the drop panel. This would permit 
40*% of the short bars to be only long enough to extend 20 bar diameters beyond the point of 
inflection giving a length for these bars of 0.51(1 — 0.225) -h 20 bar diameters on each end 
(0.3881 4“ 40D). This would reduce the weight of bars in the first problem by 38 lb. and the 
average steel per square foot of floor panel by 0.11 lb. The contractor would probably prefer to 
pay for this additional steel rather than to handle the extra length of rod, as it would make three 
kinds of rods to distribute evenly across the band width instead of two. 


98. Problem FSl.—Design the typical interior panel of a flat* slab factory floor, supported on reinforced con¬ 
crete columns spaced 18 ft. 8 in. in each direction, to carry a bve loading of 200 lb. per sq. ft. Make the design 
in accordance with the latest A.C.I. standard building regulations for the four-way type, using concrete of a designed 
ultimate compressive strength of 2000 lb. per sq. in. and using intermediate-grade new billet steel. 

Solution xctihoui Using Diagram: 

We shall conform with our usual office standards and take the drop as 0.35Z ■> 6 ft. 6 in. square, and the column 
capital as 0.2252 — 4 ft. 2 in. round. 

By A.C.I. Formula (2), simplified for these proportions as formula (2A), 


Drop thickness, it ■■ ~^\/298 4-1.5 in. 

- 10.1 4 1.5 - 11.6 in. 


LL » 200 

7^-in. slab -• 98 (assumed) 
to' » 298 


Slab thickness, h H X drop thickness 7^ in., which checks assumption 
ing below the slab ceiling) is therefore 6 ft. 6 in. X 6 ft. 6 in. X 0 ft. 3^ in. 

18.67 


The drop (that portion project- 


(The A.C.I. Formula (3) would give ti ■ 


50 


V^298 4 1 in. 7.5 in., but the rule that drop thickness must 


not exceed IH X slab thickness governs in this case, as it commonly does.) 

Total positive and negative moment, 0.78 Wl in -lb. for the office standards indicated above, or Mo « 

0.78 X 298 X 18.67« - 1,510,000 in.-lb. divided as follows: 

-JW, « 0.51 Mo - -770,000 in.-lb. 

-Mm -O.OOM. - -136,000 in.-lb. 

4 M* - 0.20 Mo - 4302,000 in.-lb. 

4 Mm « 0.20M* - 4302,000 in.-lb. 

For top rods, — Mm — —136,000 in.-lb. d ■■ 7.75 — 1.25 » 6.5 in. (Deduct 1 in. for fire-protection cover and 
in. more to center of one layer of H*in. diameter ban—total of 1.25 in.) 

8 X 136,000 


A,-; 


1.82 sq. in. Use seven H*in. round rods. 


7 X 6.5 X 18,000 

For diagonal bands, 4 Mm * 302,(XX1 in.-lb. d — 7.75 — 1.5 ■■ 6.25 in. (Deduct 1 in. for fire-protection cover 
and K in. more to center of two layen of H*in. diameter bars—total of 1.5 in.) 

, 8 X 302,000 « ^ 

7 X 6.25 X“l8,000 “ 

make up of the components of two diagonal bands cutting the moment section at 45 deg. The right sectional 
area of each diagonal band is therefore 

A* 0.707 X 3.06 « 2.16 sq. in. •« eleven H^n. round bars. 

Try seven 1^-m. round short bars, extending to drops only and four H-in, round long bars, lapping across 
column heads. For direct bands, 4Af« ** 802,000 in.4b. d ■■ 7.75 — 1.26 6.5 in. 


A# ■■ 


8 X 302,000 


2.05 fifteen H4n. round bars. 


7 X 6.6 X 18,000 

Use eight H*in. round short bars, exten£ng to drops only and seven H4n, round long bars, lapping across 
ooluma heads. Over column head, — M# — 770,000in.-lb. d 11.6 — 2.0 - 9.6 in. 

A 8 X 770,000 m .A 
7 X 9.6 X 18,000 ® 

Ihrom direct bands seven H4ii. round lapped « fourteen H4n. round «« 2.76 
Component two ^hgonal bands • 1,414 X eight H 4n. rou nd » 2.22 

Total affective area provided 4.97 sq. in. 
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Use five round long bars in diagonal band instead of four. 

Length of short bars » (0.66 X 18.67) + (40 X H*) "* 13>77 ft. say 13 ft. 9 in. 

Length of long barSt direct band ■■ (1.612 X 18.67) + (40 X J44) ■■ 31.77 ft., say 31 ft. 0 in. 
Length of long bars, diagonal band * (2.026 X 18.67) + (40 X H*) •“ 39.60 ft., say 39 ft 6.in 
Length of top rods - (0.3 X 18.67) 4* (40 X >^ 4 ) *» 11 ft. 0 in. 

The steel required for one t 3 rpical interior panel is therefore: 




Weight, pounds 

Two groups of top bars. . 

seven )^-in. round, 11 ft. 0 in. 

103 

Two direct bands, short bars. .... .... 

eight H-in round, 13 ft. 9 in. 

147 

Two direct bands, long bars. 

seven > 2 “in. round, 31 ft. 9 in. 

296 

Two diagonal bands, short bars . 

seven H-in round, 13 ft. 9 in. 

128 

Two diagonal bands, long bars . 

five ^“in round, 39 ft. 6 in. 

1 264 

Two column head support bars . 

>^-in. round, 8 ft. 0 in. 

i 16 

Four top rod support bars. . 

round, 7 ft. 0 in. 

19 

Total weight of steel , 

... . 

973 


Area panel * 349 «q ft. per lb steel per sq. ft. panel 2 79, (The Chicago flat slab ruling, for this same 
problem, gives 2.88 lb. steel per sq. ft. panel and 0.67 ft average concrete thickness ) The concrete required for 
one typical interior panel is 

One slab, 349 sq. ft. X 0 ft in. = 226 
One drop, 6 ft. 6 in X 6 ft. 6 in. X 0 ft. 3J» in =* 14 


Total «= 240 cu. ft. 

Average thickness of concrete « 0.69 in. 

Diameter of shear section at column capital «=> 4 ft. 2 in. -f [2 X (11 6 — 16)] = 5 ft. 10 in. » 70 in. 
Periphery -• 220 in. Area = 26.7 sq ft. 

8 X 298 X (349 - 26.7) 

---^ 5 Q 2 b, per sq, in. 


7 X 220 X 10 

Side of shear section at edge of drop •• 6 ft. 6 in. 4- [2 X (7.75 
Periphery «■ 362 in. 

8 X 298 X (349 - 66.8) 

® *■ 7 X 362 X 6.25 


- 15)1 * 7 ft. 6H in. 

44 lb. per sq. in, (The negative reinforcement over 


90>^ in. 

Area <■ 56.8 sq. ft. 


the column head must be arranged so that the area of the bars passing directly over the column capital is not less 
than 25 % of the total area in the double column strip (when ve may be 50 lb per sq m.) and so that the area of the 
bars passing directly over the drop is not less than 50 % of the total area in the double column strip. See A.C.I. 
building code, Sect. I-fi.) 

90 . Solution of Problem FSl Using Diagram.—From the upper portion of the diagram we read directly, for 
LL 200 and side of square panel «> 18 ft. 8 in., that slab thickness is 7^i in. Tne drop thickness is one-half of the 
slab thickness or SJi m. The drop dimension (at the very top) is read as 6 ft. 6 in. square, and the column capital 
diameter as 4 ft. 2 in. 

From the lower portion of the diagram we read, fur LL « 200 and side of square panel n 18 ft. 8 in., that the 
right sectional area is 1.33 sq. in. or that we require seven ^-in. round rods in the top bars, in the short group of 
bars of the diagonal band and in the lonff group of bars in the direct band. For the long group of bars in the diago¬ 
nal band we require ^ X 1.33 ■> 0.89 sq. in. ■■ five H'in. round bars. For the short group of bars in the diredt 
band we require 1.22 X 1.33 » 1.62 sq. in. » eight round bars. The area over the column head will be 
sufficient if the values taken from the diagram are fully satisfied by the area of the rods selected. The shearing 
stresses will also be within allowable values if at least one-fourth of the negative reinforcement passes directly over 
the column capital and at least one-half of it directly over the drop panel. 


100* Rectangular Panels.—The A.C.L and Joint Ck>mmittee provisions are drawn to 
apply directly to the general case of the rectangular panel. The values I and h for one direction 
(the long direction^ for example) simply interchange when working in the short direction. In 
determining slab thickness, I must be taken as the long dimension and U as the short direction. 
These regulations impose the usual restriction that the long side of the panel shall not exceed the 
short side by more than 40%. The design of rectangular panels is no more complicated than 
that of square panels and simply involves a double application of the same formulas, once for the 
long direction and once for the short direction. An example will show this best. 

iOl. ProblfBi FSi.—-Deeiga the typical interior of a flat alab factory floor, supported on reinforced 
oanc.T4ite columlle spaced IS ft. 8 in. on centere in one dtrecUon and 21 ft. 4 in. on centem in tbe otber direction, to 
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carry a live loading of 200 lb. per sq. ft. Make the design in accordance with tbe latest A.C.I. building regulattona# 
using the two-way type with dropped panels and column capitals, and taking // as 2000 lb. per sq. in. and/* as 
18,000 per sq. in. 

We will make this a general solution, without the simplification that oflBre standards would commonly effect. 
By Formula (2), with r * 4 ft. 6 in. and 6i « 7 ft. 0 in., we have 

h - o.ossj^ 1 - j21.33'^0 6 X 310-|-®- + m - 13 in. 

In this computation the dead weight of the slab was assumed as 110 lb. per sq. in. equal to that of a 8*i-in. slab. 
By Formula (3), 

ti « 0.02 X 21.33Vn0 + 1 “ 8.5 in. 

But the slab thickness must equal X 13 = 8.67 in. » 8H in. slab. The weight of this slab is 109 lb. per sq. in. 
which is sufficiently close to the assumed weight. The total dead and h\e load, w\ is 300, and the panel load is 

If « 309 X 18.67 X 21.33 « 123,000 lb. 

Tlie drop panel thickness (projection below slab ceiling) is 13 — 8^ « in., and the entire drop is 7 ft. 0 in. X 
7 ft. 0 in. X 0 ft. in., subject to checking of compressive and shearing stresses. 


Moments and Steel in 21 Ft. 4 In. Direction 


For this direction I 21.33, h « 18.67 ft., r « 4..*) ft. 

Mo •» 0.09 X 123,000 X 21 33^1 “ ^ * 2^ 33)* * 173,000 ft.-lb. « 2,080,000 in.-lb 


This is divided as follows: 

-Me O. 5 OM 0 » -1,040,000 in.-lb. 

-Mm ^ Q IbMo = -312,000 in.-lb. 

-f-Afc* 0.20itfu « -f-416,000 m.-lb. 

+ Mm = O.lSAfo = +312,000 in-lb. 

For the column strip, long direction. 

At center, +Afe «■ 416,000 d =» 8.75 — 1.25“ 7.5 in (Dt‘ducting 1 in. for fire-protection cover and }ti in. to 
center of single layer of >^-in. round rods gives 1.25 in ) 

. 8 X416,000 . . 

A. - 7x" 7“5 >n[lj dob “ “ eighteen H-in. round rods 

At column, - Af. « -1,040,000 d « 13 - 1.5 - 11.5 in. 

A, « “ 5 75 sq. in. = twenty-nme H-in round rods 

Since one third of the center bars (or six j^^-in. round) are required to run in the bottom into the drop panels, 
two-thirds (or twelve l'6“in. round) arc available to bend up and lap across the column head giving twenty four ^ 2 - 
in. round and leaving five round to be provided by short bars in the top across the column head extending 20 

bar diameters beyond the point of inflection. The percentage of reinforcement across the column head is 





_5. 75 

84 X 11.5 
2 X 0.00605 X 18,000 
0.38 


0.00595, which is O.K. 

570 lb. per sq. in. (800 lb. per sq in. allowed) 


For the middle strip, long direction, 

At center, +Afm 312,000 in.-lb. d — 8.76 — 1.5 » 7.26 in. (Deducting 1 in. for fire-protection cover and 
in. to center of two layers of round bars gives 1.50 in.) 

A, - 7 7^5 X ^^00 ■ 2,74 sq. in. - fourteen l^+iii. round rods. 

At margin, -JIfm « -312,000 in.-lb. d - 8.76 - 1.26 - 7.6 

Am - “ 2.64 sq. in. - fourteen H-in- round rods. 

Use fourteen J^-in. round rods in long middle strip, bending up seven at each end and extending seven in the bottom 
20 bar diameters beyond points of inflection. 

Length of bars: Column strip, short, six round — 16 ft. 0 in. (21 ft. 4 in. less 7 ft. 0 in. + 1 ft. 8 in.) 
Column strip, bent, twelve }i in. — 36 ft. 11 in. [21 ft. 4 in. + 4 ft. 6 in. + j^^(21 ft. 4 in. — 4 ft. 6 in.) + 1 ft. 
8 Sn.l 

Column strip, extra bars over column head, five In. round —14 ft. 7 in. [4 ft, 6 in. + H (21 ft. 4 in. —4 ft. 6 in.) 
+ 1 ft. 8 in.} 

Middle strip, short, seven round — 12 ft. 4 in. (H X 21 ft. 4 in. + 1 ft. 8 in.) 

Middle strip, bent seven >^-in. round — 33 ft. 8 in. (21 ft. 4 in. + hi (21 ft. 4 in.; + 1 ft. 8 in.] 


Moments and Steel in 18 Ft* 8 In* Direction 

For this direoUon I • 18.67, h - 21.33 ft., c - 4.5 ft. 

Jtr. - 0.0# X m.000 X 18 . 67(1 - g - 1*».000 ft.4b. - 1.740W> in.-lb. 
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This IS divided M follows: 

-Afc - 0,60M« « - 870,000 la.-lb 
-ilTm « O,15M0 « -261,000 in.-lh. 

+ - 0.203fe * +348,000 in.-lb. 

+ 3fm « O.lSJI/e * +261,000 in.-lb. 

For the column strip, short direction. 

At center, +Af« * 348,000 in.-lb. d » 8.75 — 1.25 7.5 in. 

^ 8 X 348,000 „ • isex w J J 

At - 18056 * ^ 115 sq.m. = fifteen >a-m. round rods. 

.41 column, -.fl/e - — 870,000 in.-lb. d — 13 — 1.5 « 11.5 in. 

8 X 870 000 

At « 7 x'ii ”5 >fi 8^00 * “ twenty-five->a in round rods. 

One-third of the center steel, or five H'in. round, must run straight in bottom* to drop panels. Remainder, or ten 
H'in* round, are available to bend up and lap across column head providing twenty H"in. round at that point, 
leaving five H^in. round to be provided by short bars in the top across the column head extending 20 bar diameters 
beyond the point of inflection on either side. Since the drop panel is square, the compressive stress in the concrete 
is less than in the long direction. 

For the middle strip, short direction. 

At center, +ibr« * 261,000 in.-lb d « 8.75 - 1.5 - 7.25 in 
c V 9A1 non 

“ 7 X Wx'i8.000 - 2 2» .q. in. - twolve H-in. round bar,. 

At margin, -Mm ^ -261,000 d m 8.75 - 1.25 - 7.5 in. 

. 8 X 261.000 , I w. 

’ 7 >r^ ‘l8';600 " 

Use twelve H-in. round rods in middle strip, bending up six at each end and extending six in the bottom 20 
bar diameters beyond points of inflection. 

Length of bars: Column atrip, short, five round — 13 ft. 4 in. (18 ft. 8 in. less 7 ft. 0 in. + 1 ft. 8 in.). 

Column strip, bent, ten }i4n, round — 31 ft. 11 in. [18 ft. 8 in. + 4 ft. 6 in. + H(18 ft. 8 in. — 4 ft. 6 in.) 
+ 1 ft. 8 in.]. 

Column strip, extra bars over column head, five >|-in. round — 13 ft. 3 in. (4 ft. 6 in. + H (IS 8 in. — 4 ft. 6 
in.) + 1 ft. 8 in.] 

Middle strip, short, six H4n. round — 11 ft. 0in. (H X 18ft. Sin. + 1 ft. 8 in.) 

Middle strip, bent, six H-in. round — 29 ft. 8 in. (18ft. 8 in. + H X 18 ft. Sin. + 1 ft. 8 in.). 


Shearing Stresses 

At edge of column capital, diameter of shear section ■> 4 ft. 6 in. + Hs [2(13 — 1.5)] «*> 6 ft. 5 in. "i 77 in. 
(Deducting IH in. from combined thickness of slab and droppanelasrequiredin A.C.I. and Joint Committee 
regulations leaves d «■ 11.5 in. for shear.) 

Periphery » 242 in. Area 32 sq. ft. Panel area 18 ft. 8 in. X 21 ft. 4 in. *• 398 sq. ft. 

8 X 309(398 - 32) ^ 

' “ 7 X ^2 X lO - - *« ®- “• 

At edge of drop panel, side of shear section ■■ 7 ft. 0 in. + Hs [2(8.75 — 1.5)1 " 3 ft. 2Hin. •» 98 H in* 

Deducting IH in- from slab thickness leaves d » 7.25 for shear (used as a measure of the diagonal tension). 
Periphery -* 394 in. Area 67 sq. ft. 

8 X 309(398 - 67) 

* - 7 X 394 X 7.25 “ “ 


41 lb. per sq. in. 


102. special Cases.—When special cases are met, the designer must fall back on his general 
store of technical resources for a solution. In general, flat slab construction should not be used 
for a single row of panels, since the flat slab type of flexure is rarely present in such a system. 
With two rows of panels the flexural action also tends to become cylindrical rather than bowl 
shaped, but tins may be overcome by making the panels larger parallel to the rows than across 
Uie rows. Tlie A.C,1. and Joint Committee regulations apply to structures having three or 
more rows of imnels with uniform column spacing. When the column pacing in either direction 
becomes variable the designer must work out a rational solution on the basis of relative ngidities. 
A method frequently employed is to write moments for a beam strip for the actual spans and 
also for an eaoal number of uniform spans and to apply the ratios so obtained to the moment 
coeflSicients for a flat slab floor designed for uniformly spaced supports. 

The A.C. (. and Joint Committee regulations cover the eases of waU and other non^^ntinU'** 
ous panels, oi panels with marginal beams, and pi panels over bearing walls. The case of the 
-,eof2b«o^tfai4M«>f2coltumicapiteiatw4coU^^ 
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should not be designed to rest partly on concrete columns and partly on masonry bearing walUi 
on account of the unequal shrinkage or settlement involved. 

108. Design Notes.—Many items cannot be covered in design regulations, being based 
largely on common sense and satisfactory experience. When most engineers arrive independ- 
ently at the same ways of doing things, these ways may be said to be warranted by good 
engineering practice. Thus, good practice sanctions small holes for pipes passing through the 
capital and drop beside the column shaft. Much larger openings are permissible at the centers 
of span. Columns supporting flat slab floors are commonly made not less than Z/12 in diameter. 
For uniform column spacing and ordinary loading conditions, bending is neglected in interior 

Wl 

columns while in exterior columns it is taken as , one-half just above and one-half just below 

the floor, and special column flexure bars are provided to take this moment. The width of 
bands is commonly made 0.4Zi for four-way flat slabs and OMi for two-way flat slabs, so as fully 
to cover the panel area with a network of Teinforcing. 

104. Supporting and Securing Reinforcement.—Many devices are on the market for sup¬ 
porting the slab steel at its designed elevation above the forms. Some are good and others are 
poor. We advise providing on the design drawings two supporting bars crosswise of the lowest 
band of rods at each column head just outside the drop panel, each such supporting bar to be 
supported on three or more concrete blocks or good chairs. The top rods also require two 
supporting bars for each group of rods. The top rods should never be less than J^-in. round 
bars, as smaller bars are badly bent and misplaced during the concrete placing work. At mid 
span, at least two sets of combination supporting and spacing units per band should be used, 
made of high-yield-point steel which will not flatten down onto the forms when the workmen 
carry steel across other steel in place. "Where the long bars from the panel center are lapped 
over the column head the two lapping ends from either side should be run parallel and about! 1 
in. apart and not tied tightly together. This provides more effective bond to the concrete and 
still leaves desirably large openings for spading concrete between the pairs of bars. All bars 
should be secured to the spacing or supporting devices, and the mat where two or more bands 
cross should be well tied. The slab bars are commonly bent by hickeying (after placing) in the 
field. The points of bend for each band can readily be staggered, some bars bending down just 
outside the drop and ethers just beyond the point of inflection. This is especially important 
in thick slabs, as in bridges and viaducts. 

105. Construction Notes.—"When the cement finish is placed before the slab concrete has 
taken its final set it is customary to include the finish in the slab thickness. This finish should 
be mixed in the same proportions as the mortar in the concrete, to prevent separation due to 
unequal shrinkage. "Whenever possible, the column reinforcement should be placed and the 
C/olumns concreted to the underside of the drop before the slab steel is laid. In any case, several 
hours should elapse between placing the concrete in column and in the slab, to permit the column 
concrete to settle. Construction joints are made at the centers of span and never near columns. 
Bulkheads should be set in a vertical position, and the thin layer of concrete which may run 
under and beyond the bulkhead should be removed. In thick slabs or where temperature 
stresses are considerable across a construction joint, special dowels should be placed across the 
joint, extending 30 bar diameters on either side. The surface of the older concrete should bo 
roughened before the next section of floor is placed against it. A coating of cement paste will 
greatly improve the bonding, if this paste is protected from too rapid drying out. 

FLOOR SURFACES 
Bt Allan F. Owen 

106* Wood Floor Surfaces. 

XOSo. Softwood Flooriiig.--Soft pine is not used for flooring except some northern 
pine for very cheap work. It is called 1 X S-in, matched and dressed, but comes X 6J4 
in*^ It is apt to have sap in it and be subject to warping and twisting. 

1 Etosat ipedfiostioai requlm a tbioknew Ht is. lass than that prevtonsly required, i.e., ^^^2 in. instead of 
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Hard pine, or yellow pine, comes flat sawed and quarter sawed (see figs. 131 and 132). 
The fiat-sawed flooring should never be used, as it splinters badly with use. The quarter-sawed 
or edge-grain flooring is good flooring and can be used for residences, factories, and warehouses, 
although it will not wear so well as hardwood. The best yellow pine flooring is cut from logs 
having the largest number of circular rings per inch of diameter and with the largest proportion 
of hard summer wood in the rings and the smallest proportion of soft spring growth. Long- 
leaf yellow pine generally has more than 8 rings per inch, and short-leaf and loblolly pine gen¬ 
erally have less than 8—sometimes only 2 or 3 rings per inch. Yellow pine flooring comes in 
the following sizes; 


Nominal 


Actual Thickness 


1 X 3 
1 X 4 

1 X 6 
IM X 3 
IM X 4 
IH X 6 

2 X 6 
2H X 6 

3 X 6 



Section of Log Race of Lumber 


nu 

Hs 

2*^ 



Fio. 131.—'Flat sawed and edge grain flooring. 


Fid. 132.^—Four methods of 
cutting a quarter sawed log. 


Face 

2^4 

5K 



1 iG. 133.—Splined flooring. 


Yellow pine also comes 4 X 8, 5 X 8, and 6X8, grooved for splines (see Fig. 133). This 
flooring is seldom used for a wearing surface, being used as a structural floor spanning from girder 
to girder, spacings 6 to 16 ft. When so used a wearing surface of maple is usually added. 

1066. Hardwood Flooring.—Hard maple flooring is most* suitable for kitchens, 
stores, offices, factories, warehouses, and assembly halls. It is smooth and hard, wears well, 
and can be waxed and polished for dancing, or oiled to keep down dust, or left bare and scrubbed 
to make it white and clean. Standard grades in maple flooring are: 

“Clear*— for the finest work. 

“No. 1**—^good for all commercial work. 

“Factory”—for cheap work. 

Maple flooring can be had selected for color by specifying “White Clear.The standard sizes 
are in. thick with 1K> 2, 2Ji, and 3K-in. face; iHe in. thick with 2, 2yi, and 3Ji-in. face; 
% in. thick with IJ^, 2, and 2Ji-in, face. 

Beech and birch flooring are manufactured in the same sizes as maple. They do not wear 
so well as maple, but are better than pine. 

Oak flooring is usually considered the most desirable for fine residence work. The standard 
grades are: 


Quartet sawed...“Clear”—(finest grade) 

Quarter sawed. “Sap clear*’ 

Quarter sawed. “ Select ** 

Plain sawed. “dear” 

Plain sawed. **Select” 

Plain sawed. “No. 1 common” 

Plain sawed... “No. 2 common’’-'-(poorest grade) 


Standard sizes are in. thick with 1^, 2, and 2M-in. face; % in. thick with 1)4 and 2-iii^ 
face. Quarter-sawed oak is sawed so that the face is on a radial line of the bg and, as this iit 
parallel to “silver jay in the wood, a very beautiful and varied marking is the result (se«v 

Fig. 132). Ime principal advantage of quarter sawing is in securing this mottled grain effect 
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Oak floors can be fllled with a white or colored paste filler to produce natural wood or color 
effects, and varnished or waxed. Varnish lasts rather longer on oak than on any other floor. 

Other hard woods are used only for special ornamental patterns in room borders, show 
window floors, etc. 

106c. Parquetry.—The best parquetry is made up of ^ Jfe in, thick hardwood, 
cut in short lengths to suit the pattern, dressed, matched, and end matched. This class of work 
must be laid on a very good underfloor and must be scraped and sandpapered after being laid 
to get a good surface. 

106d. Refinishing Wood Floors.—In refinishing old floors, thin hardwood strips 
are used. Flooring % in. thick comes with tongue and groove, and may be blind nailed. Strips 
Pie in. thick may be had in beech, birch, maple, or oak and are face nailed to the under floor. 
In connection with this thin flooring ^‘wood carpet'' can be had. This consists of ornamental 
borders, using small pieces of wood glued on a cloth back, each piece to be nailed to the under¬ 
floor where the “carpet" is laid. These patterns can be had in a single wood or in a combination 
of two or more woods, and may include walnut, cherry, white holly, and mahogany. 

106e. Wood Blocks.—Wood block floors are used in factories where the floor is 
subject to very rough usage. Standard paving blocks 4 in. thick can be used, and these are 
usually set in asphalt. 

A thinner wood<block flooring has lately come into use which consists of blocks dovetailed and glued to a yellow 
pine flooring strip. The most used size is 2H in* thick with SH'in* face, in lengths up to 8 ft. The sides of the 
strips are grooved for splines and the strips are blind nailed to joists* nailing strips, or underflooring. This flooring 
m used where creosoting or asphalt is not wanted and it stays in place through wet and dry weather better than 
paving blocks. It is a strictly utilitarian floor as the end grain wood tends to hold enough dirt never to look very 
clean. 

106/. Supports for Wood Floors.—Softwood and hardwood floors may be nailed 
direct to joists in ordinary construction buildings or to sleepers bedded in concrete in fireproof 
buildings. Better floors are built with an underfloor nailed to joists or sleepers and with the 
finished floor laid diagonally or at right angles to the underfloor. Parquetry and wood blocks 
must have an underfloor. On a concrete floor construction the finished wood floor may be laid 
in asphalt direct on the concrete without any nailing strips. 

106p. Floors for Trucking Aisles.—Special precautions are necessary in building 
floors where heavy trucking is to be done. Wood block flooring can be used if otherwise satis¬ 
factory. Maple flooring has been used more than any other and is probably the most satisfac¬ 
tory in the long run if properly built. It should be laid on a very substantial wood underfloor 
so that every part of the maple floor is supported, and there is no chance of the truck wheels 
breaking the floor where they run over a strip near its end, IJ^-in. flooring is much stronger 
than the ^ and is well worth the difference in cost. 

In some warehouses it has been found necessary to lay steel plates on top of the wood floor in the trucking aisles 
and fasten them down with long countersunk wood screws. This makes a floor tnat will wear a very long time 
but it is always noisy. The screws pull out and must be replaced from time to time and the plates buckle up 
m the center. They wear slippery and the truckers sprinkle the plates to get a film of rust which is easier to 
work over. 

106A. Loading Platforms.—Floors exposed to the weather must have provision 
for drainage and expansion and contraction. 3 X 6-in. oak plank, laid with open joints, 
meet these requirements. Cypress and yellow pine are also used. 

107. Brick Floors.—Brick is used for floors of packing houses, storage battery rooms, 
factories, and warehouses where the floor must resist acid, hot and cold water, grease, etc. 
They are laid edge up for strength where heavy trucking occurs, and the joints must be fllled 
with acidproof or waterproof cement., For this purpose the bricks must be smooth and very 
dense, preferably vitrified shale brick. Special brick are made from 1 to 4 in. thick and in 
sizes from 3 X 3 in. to 12 X 12 in., square and rectangular. The foundations for brick floors 
are the same as for tile floors (see Art. lOSi). 

lOa. Tile Floors. 

108a. Cork Tile.—Cork tile are made from cork shavings compressed under very 
heavy pressure and baked# The bk>cks thus made are out in two to make tiles in. thick. 
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The tile are cemented to concrete floors, or glued and nailed to wood floors. On account of its 
durability and non-slip quality, cork tile is especially recommended for the working space in 
banks, for elevator cars, the space in front of elevators on each floor, for kitchens and bath 
rooms, and for stair treads and landings. 

Cork brick 2 or 2}^ in. thick are used for stable floors where the best is wanted regardless 
of cost. 

1085, Rubber Tiling.—Interlocking rubber tiling is used for stair halls, elevator 
flooiB, and spaces in front of elevators on account of its non-slip property. It is usually iiJ* 
thick and is to be cemented to a wood or concrete base. 

108c. Quarry Tile.—Thin square brick are known as quarry tile. The most use<l 
siaes are 6X6 in., 8X8 in., and 12 X 12 in.; all sizes about 1 in. thick. They are used for 
fireplace hearths, conservatory floors, engine room floors, hotel grill rooms and for many orna¬ 
mental purposes. The best red quarry tile were formerly imported from Wales. 

108d. Ornamental Tiles.—Vestibule and corridors of pubHc buildings are 
sometimes paved with ornamental tiles which have an embossed pattern (see Sect. 7, Art. 174). 
The embossment is of value in making a non-slip floor. 

108c. Ceramic Mosaic.—Probably the most widely used fireproof flooring is 
ceramic mosaic (see Sect. 7, Art. 174). The standard‘tile is in. square and ^ in. thick. 
It comes in white and black, and many colors. The mosaic is usually furnished glued to sheets 
of paper which are soaked with water and removed after the tile are in place. The combinations 
of design and color, ornamental borders, and plain fields are unlimited. This tile also comes in 
large pieces, 2-in. squares and hexagons being largely used. 

108/. Marble Mosaic.—Marble mosaic is superior in texture and color to ceramic 
mosaic, but is comparatively little used at the present time. 

lOBg, Marble Tile .—The corridor floors of our best public buildings and office 
buildings are paved with marble tile. This tile is also used for floors in monumental buildings, 
museums, art galleries, public rooms in fine hotels, club houses, etc., and for toilet room floors. 
The standard thickness is a>iid, as the tile are cut for each particular job, there is no 

standard size. Light colors are preferred for floor tile though verde antique is sometimes used 
for borders, in spite of the fact that the washing compounds used in cleaning the floors eat 
away the softer parts. The best wearing floor marble in this country is Tennessee grey or pink. 

108/i. Terrazo Tile.—Marble chips mixed with colored cement and sand are 
manufactured into tile, then ground and polished. This tile makes good sutstitute for marble 
tile or mosaic. It is made in plain colors and also ^Hutti colouri,’’ the latter being a mixture of 
different colored marbles. 

108t. Foundation for Tile Floors.—Any brick, mosaic, or tile floor may be laid 
over concrete, hollow tile, or wood floor construction, but ample strength and stiffness must be 
provided to support the finished floor properly and keep it from cracking. When used over 
wood construction, 2)4 in. of concrete foundation should be provided, the top being leveled 
and left rough at the exact depth below the finished floor line necessary for the kind of finish to 
be employed. For tile or mosaic in. thick this depth should be 1 in. to allow for the 
setting bed of mortar. For the heavier tile and brick, an allowance of 1 in. should be made for 
the setting bed. For cork tile, the foimdation may be wood or concrete and must be placed the 
exact thickness of the cork below the level of the finished floor. 

108. Cement Floor8<*-^For many purposes a cement floor is the most economical and satis¬ 
factory finish, especially for a reinforced concrete building. A great deal of i^uble in the past 
has been caused by the cement finish ^'dusting.’' In other words, the top surface wears oif 
rapidly in use ami produces a large amount of dust in so doing. To remedy this defect many 
concrete ^^hardeners’* have been put on the market and some of them have been of value.' 
But thi»r greatest value has been in the extra care taken to procure the necessary grade of 
woikmanship to produce a good cement finish. Wheio cement sidewalks are laid on cinder 
foundation, the eoccess water in the eoncrete dries out from below as well as ahovO and rix^h 
tOR dresriii(cf cment and sand can be mixed ii4lh just the right amount of w 
to 8 hard sltootitl^trfaee. But in rrinforeed o&noptte work where the concrete fi pcured ih a 
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semi-fluid state into tight wood forms, the excess of water comes to the top and brings with it 
laitance (excess hydrated lime) which produces the objectionable dusty floor. 

The following method of producing a hard, dense, dustless cement floor is now being used 
with perfect success: 

The forma are poured full of concrete and screeded with a straight edge to bring the surface of the slab up 
to the grade of the finished floor. Cement finishers then float this down thoroughly while it is still liquid or in a 
plastic state, bringing in this manner the surplus water present in all concrete to the surface, which carries with it 
the hydrated lime or laitance in the cement. This is then darbied or floated off to one side. A dry mixture of 
Portland cement and clean sharp sand (1 to IH) then added to the slab and worked into the top of 
it, filling up all depressions and replacing settlement caused by the removal of the excess water, and enriching the 
topping, thereby making a more dense wearing surface. After this mixture is thoroughly floated and incorporated 
into the slab it is given a hard fanning or burnishing, using a steel trowel, polishing and eliminating all trowel marks, 
producing a hard, unabrasivo wearing surface. If the work is properly done, it will be hard, back-breaking work 
to trowel and polish so dry a surface, but on this depends the success of the cement finish. The floor must be 
covered within 24 hr. with a heavy layer of sawdust thoroughly wet down and left in pla^e until the building 
is completed. This sawdust protects the floor from premature use and abuse and, what is of more importance, 
retards the setting of the cement and improves the quality of the concrete. 

The top ?i in. of a concrete slab may be made of 1 to l}i Portland cement and J-^-in. 
granite screenings. This (called granitoid) makes an excellent floor for hard usage, but the 
same precaution must be taken to avoid dusting as described above. 

110. Terrazo Finish.—Where terrazo finish is to be used, the foundation is left 2 in. below 
the finished floor. 2 in. of concrete is poured on the foundation and then about 1 in. of terrazo 
finish (Portland cement, sand, and marble chips, mixed almost dry) is spread, rolled, and 
worked into the top imtil the proper finished grade is obtained. The surface is polished after 
the cement has hardened. Color effects are produced by the use of the desired color of marble 
and by use of colored cement. 

Ornamental effects can be had by the use of colored cement. Care must be taken to get colors that are not 
chemically affected by the cement. The colors should be obtained from a reliable manufacturer of cement colors 
and used strictly in accordance with his instructions. 

111. Composition Floors.—Composition floors, or sanitary floors, are much used for toilet 
rooms, kitchens, restaurants, etc. There are many varieties on the market, known by various 
trade names, and they can be had in almost any color, the red and brown probably being the 
most satisfactory. Magnesia is the basic material in each floor mixture. 

When used over a wood floor, wire mesh is laid and tacked down, and about ^ in. of Port¬ 
land cement and sand laid first and H-in. composition floor on top of that. When used over a 
concrete foundation, in. of cement and sand and a Ji-in. composition floor are sufficient. 

When composition floors are finished, they are given a finish of paraffin or wax. This can be washed or mopped 
over for two or three months before the floor begins to show signs of wear. At that time the floor should be thor¬ 
oughly washed with warm water and soap or gold dust and allowed to dry and then given a coating of oil. Two 
parts of boiled linseed oil thinned with one part of kerosene should be used. The oil should be applied with a 
brush or cloth and allowed to dry for about H hour and then any surplus oil wiped off. The linseed oil tends to 
toughen the surface of the composition floor and prevents its becoming rough from wear. Tne kerosene makes 
the oil thin enough to soak into the porce of the flooring. 

112. Asphalt Floors.—Asphalt is used for waterproof floors in packing houses, canning 
factories, and wherever it is frequently necessary to flush the floor with water to clean it. When 
used over a wood founejation, heavy paper is laid and on top of this is placed 2 in. or more of a 
mixture of hot asphalt and sand which is rolled to a hard, even finish. Not less than 2 in. of 
the mixture should be used over a concrete foundation. 

118* Xfinoleum.—linoleum and similar materials are often used for floor surfaces in offices, 
hallways, schoolrooms, hospitals, public buildings, etc., where it is desirable to have a quiet 
floor covering. Linoleum also serves as a protection to the underlying floor surface. Floor 
surf Aoing materials of this type are on the market under various trade names, and these materials 
vary somewhat in thickness and quality. 

114. Glass Inserts in Sidewalks. —Glass is used in sidewalks to light the basement spac*c‘ 
undemeath. The pieces of glass are small, generally in., round or square, flat top and bot¬ 
tom, or with prisms on the bottom to deflect the light toward the back of the basement. The 
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lights are set in cement on steel, iron, or reinforced concrete frames. When metal frames are 
used, the lights are generally assembled at the building. Keinforced concrete sidewalk light 
slabs are made at the factory and shipped to the building ready to be set in place. Care must 
be taken to have all joints caulked with oakum and waterproofed with asphalt cement. 


FLOOR OPENINGS AND ATTACHMENTS 
By Allan F. Owen 

116. Floor Openings.—Special framing must be used around openings through floors for 
elevator shafts, stairways, dumb waiters, wire shafts, and plumbing spaces. Figs. 134 to 139 
inclusive, show typical framing. 


t>^' 


134.—^Elevator openings in 
steel frame construction. 



Fia, 137.—Shaft openings in tile 
and concrete construction. 



1' IG. 135.—Stair opening in 
ordinary construction. 



Fig. 138.—fJpening in flat slab 
concrete construction. 



Fig. 330.—Stair opening in concrett' 
beam and girder construction. 



In concrete floors, wrought-iron and galvanized-iron sleeves are built into the construction 
work for all steam, return, sprinkler, sewer, gas, and similar pipes. All floor sleeves should be 
flush with the ceiling line and should extend about 2 in. above the floor line. Pipe-risers should 
not be allowed to come up through columns as repairs and alterations are difficult, if not impos¬ 
sible, under such an arrangement; small size electric conduits, however, form an exception ko 
this rule. Special shafts with fireproof walls are sometimes used for plumbing and vent pipes, 
and this practice has much to commend it since a floor to be a perfect fire cutoff should be solid 
from wall to wall, with stairways, elevators, and all openings enclosed in vertical fireproof walls. 

Special pits are required for platform scales and it is best to get the details of the scales to 
be used and include the framing for the scales in the general plans of the building. 

116. Floor Attachments.—Machinery, shafting, sprinkler pipes, steam pipes, etc., are 
often hung from the ceiling. In wood construction, blocks are usually attached to the ceiling 
joists by lag screws and machinery hangers bolted to these blocks. In steel construction, 
clamps are used around the lower flanges of the floor beams. In concrete construction, some 
form of insert is used to support these utilities. Where permanent pipes, machinery, etc., are 
to be placed, it is possible to lay out the inserts to care for these. But in a building in which 
there i$ mnih madunery, provision should be made for changing conditions, the shifting of 
departipenis, m4 the installation of improved machines. !Por this purpose, it is well to spot 
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inserts at regular intervals over the entire ceiling. In a recent machine manufacturing plant, 
inserts were provided 4 ft. on centers each way over the entire ceiling, and this has proved a 
satisfactory arrangement. In Fig. 140 are illustracted the common types of inserts. 


o 




^ o'" 

e> o 

o a * • 

p 



Form 


UJ 


Bolt insert Bolt is removed before forma are 
taken down leaving the nut in the concrete 



Wnalco insert 




Kohler prc‘ssed steel insert Barton steel spiral socket for 

lag screws 


Dayton insert. 





Security insert. Havemoyer sot kcjt insert Truscon slotted insert. 

Fia 140 


GROUND FLOORS 
By Allan F. Owen 

117, Drainage.—Ground floors at sidewalk shipping platform level, or in basements, 
must be protected against dampness. The most important item in the prevention of dampness 
is drainage. Where the floor is above the sewer, a system of tile drains is installed under the 
floor and connected to the sower. Lines of drain tile should be laid near the outside walls and 
about 20 ft. apart under large floors. Where the sewer is above or very close to the floor, it is 
necessary to connect the drain tile to an ejector pit and provide an automatic sewage ejector 
connected to the sewerage syistem. Whore the floor is below water level, in water bearing soil, 
no drainage can be used. 

118. Underfloor.—Under the finished floor a porous layer of cinders, stone, or gravel 
should be laid to allow water to run to the drains and to insulate the floor from the damp earth 
beneath. Where the floor is below water level, the underfloor must be waterproofed and rein¬ 
forced against water pressure. A damp proofing course should then be laid on the top of the 
underfloor and under the finished floor. The water pressure to be reinforced against is equal 
to 62)4 lb. per sq. ft. of floor times the depth from the top of the highest known water level to 
the waterproofing course^ The weight of reinforced concrete above the waterproofing course 
may be deducted from the total pressure to be reinforced against. The waterproofing course 
must extend up the outside walls above water level. 
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lid. Waterproofing,—Ground floors should be waterproofed as explained in Sect. 5, Art. 29. 
129. Floor Finish.—^finished concrete floors are most widely us^ for ground floors, but 
any of the wood, tile, marble, composition, or asphalt floors described in the chapter on “Floor 
Surfaces’* may be used. 


ROOF TRUSSES—GENERAL DESIGN 
By W. S. Kinnb 

121. Roof Trusses in General.—A roof truss is a frame work designed to support the roof 
covering or coiling over large rooms, thereby avoiding the use of interior columns. Fig. 141 
shows the relative position of the roof trusses, the walls of the building, and the roof covering. 

When the nature of the supporting forces 
is such that the reactions are vertical under verti¬ 
cal loading, or the reactions due to inclined loading 
can be determined by the methods of simple 
statics, the frame work is known as a simple 
truss.” Where the reactions are inclined, even 
under vertical loading, and where they can not 
be determined by simple statics, the frame work 
is known as an “arch.” The discussion of this 
chapter will be confined to simple trusses; arches 
will be considered in the chapter on “Arched 
Roofs.” 

Simple roof trusses can be further divided 
into two classes based on the methods of support¬ 
ing the trusses. In one class can be placed the trusses which are supported on rigid walls of 
masonry, or other material forming a wall which is able to resist lateral forces without additional 
bracing. In a second class can be placed the trusses which are supported on steel columns 
carrying a light curtain wall in addition to the trusses. The construction of these columns 
is such that, unaided, they do not offer any considerable resistance to lateral forces. To secure 
a rigid structure, it is necessary to join the trusses and the columns by a member known as a 
“knee-brace,” thus forming a rigid framework which is known as a “knee-braced bent.” Fur¬ 
ther discusrion of this typo of structure is given in the chapter entitled: “Detailed Design of 
Truss With Knee-braces.” 





(c) 

single W5b System 




Double %s1«m 
Fig. 142. 



In general, a roctf tmae ehould ocneiet of a eimpie framework composed preferably of a eyetem of tdailglee. 
memben of the frame work are usually so arranged that they are in direct tension or o ompreeeton. Trmm 
eompceed of a eingile webeystem, ae ahotm in Fig. X42(a), are prefbralde to those with a double webeystem, as 
fhown la Fig. X42(h). The atnNMee in the truss of Fig. X42(e) are readily determltted by the |irinc4|des 
etatice, as given in Sect. 1. Xn the troM cf F||e. X42(h), the streams are stafleafiy indetermiBate. Anesaetdetaa- 
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Fig. 143 shows the component parts of a truss. Tne names of the several parts are indicated in position. Am 
shown on Fig. 148t the upper members are known as the top chords* or rafters, and the lower members are known 
as the bottom chords, or tie beams. The interior compression members are known as stmts, and the interior 
tension members are known as ties. Points of intersection of chord members are known as joints, and the distance 
between adjacent joints is known as a panel, or panel length. A sag tie is a member provided to form a support 
for a long horisontal member which would deflect excessively under its own weight if not so supported. 

122. Form of Trusses.—A great variety of trusses are used in building construction, the 
form depending upon the character of the roof covering and the architectural features of the 
structure. Fig. 144 shows some 
of the forms of simple trusses in 
common use for trusses supported 
on rigid walls. Types of knee- 
braced bents and arches are shown 
in later chapters. 

In Mg. 144 the forms shown 
in Figs, (a) to (m) are well adapted 
to construction in steel, while 
those of Figs, (t?) to (g) are suited 
for construction in wood. The 
trusses of Figs, (a) to (m) are so 
arranged that the compression 
members, shown by the heavy 
lines, are the shortest members in 
the truss, while the tension mem¬ 
bers, shown by the light lines, 
are the longest members. This 
results in a considerable saving of 
material, for a compression mem¬ 
ber requires a greater sectional 
area for a given stress than a ten¬ 
sion member. Also, the greater 
the length of a compression mem¬ 
ber, the greater the required area. 

In the trusses of Mgs. (n) to 
(g), the top and bottom chord 
members and the interior diagonals 
are usually made of wood, while 
the vertical tension members are 
made of steel rods. Since com¬ 
pression joints between wooden 
members are easier to frame than 
tension joints, or splices, it follows 
that these types are well adapted for construction in wood. 

The form of truM i» dependent to some extent upon the span length, for in order to avoid bending stresses in 
the top chord, it is desirable to have a panel point of the truss directly under each purlin. To avoid the use Of 
exoamive areas in the top chord sections, it will probably be best to limit the length of these members to about 
S ft* as a maximum. this limitation, the advisable maximum spans for the several types shown in Fig. 144 are 

about as foUows: Figs, (a) and (s), 80 ft.; (e) and (a), 40 ft.; (b) and (/), 50 to 60 ft.; (d) and (A), 70 to SO ft.; 
and 0*}» SO to 90 ft. The forms shown in Figs, (k), (1), and (m) can be used for spans of from 20 to SO It. by 
varylag the number of panels. Wooden trussss of the type shown in Figs, (n) and (o) can be used for spans up 
to about 25 or 80 ft., while those of Figs, (p) and («) can be used for spans of from 20 to 80 ft. by varyiut the num¬ 
ber of paUeli. 

Tlis typo of truss to be usad with a given roof covering is determined by the allowable slope of roof for the 
roof ooveHng in question. Table 1 gives the minimum allowable slope of roof for ^ome of the common types of 
roof coverings. 





Compound Fink 




(o'J 

Compound fun 



Carnbered Fink 

ComberBcfcbmpoundFink Fink With^^’cols 



fbn 

Cambenec^pinpouncl ftm f)nk yi^^jbdiWcied 




Fla/f^atf 



(hjJ (n) 

Flat Vtorren King Fbstor lung Rod 


Queen Rbd 

Hows or ^^ngular Flat ^we 

Fia. 144 


r 



•462 


HANDBOOK OF BUILDING CONSTRUCTION 


[Sec. $-128 


Asphalt or asbestos... ... 

Corrugated steel. 

Slate. 

Tar and gravel. 

Tile. 

Tin... 

Wood shingles on sheathing.... 


Tabls 1 

.Hise Hs of span. 

.Rise H of span. 

. Rise H to of span 

.. .Flat, or sufficient slope for drainage. 
... . . Rise '^i of span. 

. All slopes. 

.... Rise >4 of span. 


The trusses shown in Figs. (Ot (m)* and iq) are suitable for tar and gravel, or for tin roofs. For these types 
of covering it is necessary to give the roof only enough slope to provide proper drainage. A slope of more than 
1 in. to the foot is not desirable for a gravel and tar roofing, due to the fact that the material will flow when laid, 
and that intense summer heat will also cause it to flow if the slope is greater than that mentioned. All of the other 
forms shown in Fig. 144 are adaptable to roofs with a rise etiual to from H to f of the span. 

Trusses with a cambered lower chord, as shown in Fi^. (#-) to (A) incl, are used for the sake of appearance. 
A long line of trusses with exposed horizontal chords appear to sag. This effect can be overcome by cambering the 
lower chord. In other cases the architectural treatment of the ceiling calls for a cambered truss. Where a moder¬ 
ate camber is required, one of the forms shown in Fig. 144 can be used. In churches and similar structures, the 
architectural treatment often calls for an ornamental truss, which is considered in the chapter on “Ornamental 
Roof Trtwses.'* 

In general it can be said that the selection of the type of truss is just as important as any other feature of the 
design. Having fixed upon the span length and the height of truss, that type of framing should be adopted in 
which the members are well placed with respect to the loads which are to be carried. 


128. Pitch of Roof Truss.—The pitch of a roof truss is usually defined as the ratio of the 
height, or rise, of the truss to the span length, and is usually de^signated by a fraction. Thus 
in the truss of Fig. 143, suppose the height to be 15 ft. and the span to be 60 ft. As defined 
above 


pitch* 


height 

span 


15 

60 




la the preceding article the effect of character of roof covering on the ratio of rise to span 
length has been considered. As the pitch of roof, as defined above, is the same as tlie rise 
divided by the span, the values given in Table 1 will indicate the minimum desirable pitch of a 
roof truss for a given roof covering. 


The pitch of the truss should also be determined with reference to the loads to be carried. As shown by the 
tables of wind and snow load given in Arts. 135 and 136, a roof with a H pitch has a smaller snow load but a 
greater wind load per sq. ft. of roof than one with a or H pitch. Also from the stress tables of the following 
chapter, the stresses in the trusses of H P’tch are less than those of >4 or H pitch. However, in trusses of H 
pitch, the interior compression members are somewhat shorter than those in trusses of H pitch, which results in a 
considerable saving in material, in spite of the greater stress. Trusses of >4 pitch have greatly increased stresses, 
which call for added material in spite of the reduced length of the compression members. Considering all factors, 
it seems that the truss of ^ pitch is the most economical. 


124. Spacing of Trusses.—The theoretical spacing of trusses for least total cost of trusses, 
purlins, and roof covering depends upon the relative cost of the component parts. As the spac¬ 
ing increases, the cost of the trusses per unit of covered area will decrease, as small changes in 
spacing have little effect on the weight of a truss; the cost therefore varies inversely as the spac¬ 
ing. The size of purlin is determined by the moment to be carried; this varies as the square 
of the i^an. Therefore the cost of the purlins can be considered to vary as the square of the 
spacing. The roof covering cost varies directly as the spacing. To determine the theoretically 
most economical spacing, all of these factors must be given proper consideration. 

The relation between the quantities given above for minimum cost can be expressed ap¬ 
proximately in the following manner: 


A» stated above^ the ooet of the trusses can be oasumed to vary inversely as the spacing of the tniisfs, whkli 
riAation ean be written,.f * k/t, where I « cost of trusses per sq. ft. of roof, A » a constant, and s «■ spacing of 
trasses. Again, the eoet of the purlins varies directly as the square of the spacing of trusses, or p where 

p cost of purlins per sq. ft. of roof, n » a oonstant, and s spacing of trusses. Also, the oost roof eoveHng 
varies directly as the spacing of trusses, or c >■ tas, where e ■■ cost of roofing per sq. ft. of roof, m » a oonstant, 
and s «• sfiacfiig of trusses. If X be the total cost of Utf roof, per sq. ft., we have 

^ + A/s -f ns* -f VM 
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By (lie methods of the Differential Calculus it can be shown that the relation existing between the terms of the 
above expression at t^ie time the cost of the roof is a minimum is 

t mm 2p + e 

That is, for least cost, the spacing of trusses must be such that the cost of the trusses per sq. ft, of roof is equal 
to twice the cost of the purlins per sq. ft, of roof plus the cost of roof covering per sq. ft of roof. 

The relation given above can not be used directly for the determination of the truss spacing 
for the spacing does not appear in the equation. However, by means of the above expression, 
a given design can be tested out to sec if it answers the theoretical conditions. A study of the 
formula will aid in forming conclusions regarding the proper truss spacing. 

The cost of materials and labor is such that the cost of the trusses per sq. ft. of roof is 
usually several times greater than that of the purlins. Roof covering costs vary with the 
nature of the covering, but will probably not exceed that of the purlins. These facts point 
toward a rather wide spacing of trusses, in order to secure maximum economy. If it were 
possible to obtain rolled sections which would provide exactly the required areas for all truss 
members, it would be possible to use rather a small truss spacing. But as can be seen from the 
design given in the chapters on the design of steel and wooden roof trusses, the sizes of many 
members are determined by the specifications, or by the requirements of standard practice. 
Tliesc requirements add considerably to the weight of the structure. From this discussion 
it can be seen that the cost of the trusses controls the economy of the design, and the spacing 
of the trusses should be determined accordingly. 

Comparative estimates of cost, made by comparing the total cost of roof trusses of the same span length 
but with varying spacing indicate that for spans up to 50 ft. the most economical spacing is about 15 ft. for light 
loads (about 30 lb. per sq. ft), or about of the span. For spans of from 50 to 100 ft , the spacing should be 
about of the span for the shorter spans and about H of the span for the longer spans, or from 15 to 20 ft. In 
many cases local conditions govern and determine the spacing of the trusses regardless of the economical conditions 

126. Spacing of Purlins.—The spacing of the purlins is governed to a large extent by the 
roof covering, and to some extent by the type of roof truss. In the first place, the strength of 
the roof covering, considered as a beam spanning the distance between purlins, determines the 
allowable span of the roofing, and in the second place, the position of the joints of the truss de¬ 
termines the possible points of support for purlins, and in this way determines the possible span 
of the roof covering. This assumes that the top chord of the truss acts only as a compression 
member. In some cases where the type of the truss is such that the distance between top chord 
joints is greater than the allowable span of the roof covering, purlins are placed at points between 
the chord joints. This arrangement has the disadvantage of subjecting the chord section to 
bending as well as direct stress, for the chord section must act as a beam as well as a chord mem¬ 
ber. But this is probably offset by the saving in weight of purlins made possible by the use of 
smaller closely-spaced sections. 

Roof coverings are often laid on sheathing, which is in turn 
supported by rafters laid parallel to the top chord of the truss and 
resting on purlins. By using suitable rafters, the purlin spacing can 
be made as desired. This construction is apt to result in a heavy 
roof. To avoid this, the sheathing is sometimes laid directly on the 
purlins, thus limiting the spacing of purlins to the safe span of the 
sheathing. This safe span is to be determined with reference to 
the bending stress in the sheathing, and also with respect to the 
allowable deflection of the sheathing, for in some cases the roof 
covering, as tile or slate, is likely to crack if the sheathing is subjected 
to excessive deflection. The allowable deflection is about Hoc psxt of the clear span. 

Fig. 146 shows sn i&olined beam subjsetsd to a vertical uniform load of w !b. per ft. of beam. Ae eu m ing that 
the sheathing is oontinuoue over several purlinst the maxiiiium moment is Af Mo $, and the fiber streso is 
givia by the formula/ « Afc//. Flaoing the value of Af in the formula for fiber stress and solving for i, the limiting 
span Isagtli* have, for s rsetaagular seodon of width b and depth d, 
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In teroui oi the fiber streae. the deflection of a reotangular beam under a uniform load la given by the formula 
A 5/24 ^ where JS is the modulus of elaaticity of the material* and the other terms have the same values aa before 

Substituting in this expression the value of /, and solving for 2, the limiting span, we find for an allowable deflection 
of Hao of the span, that 


I - 


/I bd*E 

Us w 


Bec$ ^ 


H 


The smaller of the values given by the above equations is the allowable span for the sheatiung under consideration 
Table 2 gives the limiting spans for sheathing in common use for several load capacities and varying slope of loof, as 
detei mined bv the above equations 


Table 2.—^Limiting Spans fob One Inch Sheathing for Variocs Load Capacittes 

AND Slopes 

/ 1000 lb per sq in , ^ 1,000,000 lb per sq in ; rf •• 1 in 

(Limiting spans given in feet) 


Slope of roof in inches per foot 


per sq ft 

1 0 

I 

1 , 

1 , 

1 

6 

i 

1 « 

1 

1 

I 

1 

1 


9 Li 

9 20 

9 35 

9 66 

10 02 

10 43 

1 

10 85 

20 

4 5d 

1 4 56 

4 60 

4 71 

4 81 

4 95 

6 08 


8 17 

i 

8 22 ! 

8 37 

8 65 

8 97 

9 35 

9 72 

25 

4 19 

4 22 

1 4 25 

4 35 

1 

4 45 

4 58 

4 70 


7 45 

7 51 

7 64 

7 89 

8 17 

8 52 

1 8 86 

30 

3 95 

3 97 

4 00 { 

4 21 

4 20 

4 32 

1 % ^ 

4 43 


6 46 

6 51 

1 

6 62 

6 84 

7 20 

7 39 

7 69 

40 

3 59 

3 61 

3 64 

3 73 

3 82 

3 92 

4 03 


5 77 

5 82 

5 92 

6 00 

6 34 

6 60 

6 86 

50 

3 34 

3 36 

3 40 

3 47 

3 55 

3 65 

3 75 


5 27 

5 32 

5 41 

5 58 

6 78 

6 03 

6 27 

60 

3 13 

3 15 

3 17 

3 25 

3 33 

3 42 

3 52 


Notjb —Upper values « limiting span in feet due to bending Loaer values limiting span in feet due to 
defleetion. 

For limiting spans due to hbei stresses other than 1000 lb per sq. in , multiply upper values in table by the 



For limiting spa ns due to d eflection for values of B other than 1*000*000 lb. per eq. in.* multiply lower values in 

table by the ratio VrT Svf aaa * 

\ 1 * 000,000 

For limiting spans for sheathing of other than 1 in, thickness, multiply values given in the table directly by the 
thickness of the sheathing m in ehes. 

The limitini span for corrugated steel roofing* eonsidered as a horisontal beam* is given by the Rankins for* 
mula as 

I- (0.178 

where 8 ■■ working stress in lb. per sq in.* h depth of corrugations in inches* 5 width of sheet in inehes* t m 
thickness of sheet in tnehes, w m safe load in lb. per ft., uniform load* ahd 2 » allowable span in feet. Table 
8 l$v«s the allowable spans of eomigated sted for seteral load eapaeities per sq. ft. of roof. The values are 
oomphted from the above formula. 
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Table 3.—Limiting Spanb fob Cobkooated Steel 


Fromlormulft I — ^0.178 
8 •» 12,000 lb. per tq in.; b «• 12 in.; b >■ H 






Valuea of 1 in fwt 



Gago 

t 








(in) 

M) 20 

u; » 25 

ta * 30 

w » 40 

\ 

« *» 50 

u 60 

Id 

Hi 

7 08 

6.32 

5 77 

5 00 

4 47 

4 08 

18 

Ho 

1 6 32 

5 65 

5 16 

4 47 

4 00 

3 0.5 

20 

Ho 

5 50 

4 91 

4 48 

3 88 

3 47 

3 17 

22 

Ho 

5 00 

4 47 1 

4 08 

3 54 1 

3 16 

2 88 

24 

Ho 

4 49 

4 01 

3 b6 

3 17 

2 84 

2 ,59 


126* Spacing of Girts.—Girts are members, similar to purlins, which arc used to support 
the siding in a building in which the walls are formed by siding or corrugated steel carried on the 
columns which support the roof trusses. The design of girts is carried out by the same methods 
as given in Sect. 2 for purlins. 

The spacing of girts is governed by the same considerations as given in the preceding article 
for purlins. Allowable spacing of girts can be determined by the tables of the preceding article. 
Design methods are given in Art. 167. 


127. Purlin and Girt Details and 
Connections.—Wooden purlins can be < 

made up of a single piece, or can be 
built up by placing several narrow Z 
pieces side by side. When properly C 
fastened together, either by nailing or X 



bolting, built-up beams are equally as 
strong as a single piece, and are 
cheaper and easier to obtain. Such 
purlins are used either with wooden 
or steel roof trusses. 

The collection of wooden purlins 
to the roof truss depends upon the 
type of roof construction and the kind 
cd truss. For wooden trusses, purlin 
connections of xke type shown in Fig. 
146 are in common use. In Fig. (a) 
the purlin is placed on the top of the 
chord section. This is often done 
when a deep roof covering is not un¬ 
desirable. The purlin is held in posi¬ 



tion and prevented from overturning Pto. uc. 

by means of a block or short piece of 

angle nailed or bolted to the top chord, as shown in Fig. (a). Where the depth of the rod 
ecmstruction is limited, the connection i^own in Fig. (b) is used. The purlin is suspended by 
Strap hanger, or by means of one of the patent hangers shown in Sect. 2, Art. 1226. 
FSgXk (c) (d) show details of connections at the apex of the truss and at the wall. For the 

des%ii ^ such cmmections see Art. 146. Fig. (e) shows a type of connection used for wooden 
FUXliill on Steel rod trusses. A short clip anf^e is riveted to the top chord and the purlin 


is fiiisitaned to this <d!p angle by means of lag sc 

IRoidini for fted roof trusses are generally made d rolled sections, although in some eases 

TlMnn6dMctioii8aHMti»ed 
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aa purlins are the I-beam, the channel, and the angle. T-bars and Z-bara are sometimes used, 
but their use is limited, as Z-bars are hard to obtain, except in large orders, and as pointed out in 
Sect, 1, Art. 112, the T-bar is not an ideal beam section. In selecting rolled sections from the 
steel handbooks, it is best to use the section of minimum weight for any given depth, as these 
sections are stock sizes and are easily obtained. A list of standard sections is given in Art. 130. 



Fig 147 gives details of I-beam, chsouel, aud 
angle purlin connections. Fig. (a) shows an I-beam 
connection. The connection is made by rivets or 
field bolts. Fig. {h) shows the usual type of connec¬ 
tions for angles and channels. A clip angle is shop 
riveted to the truss, as shown. The length of thin 
clip is such that at least one rivet can be placed in 
the end of each purlin. Fig. (c) shows details of 
purlin connections at the apex of the truss. Fig. (d) 
shows the arrangement at the wall for a truss on 
masonry walls. This arrangement is not always 
followed, for in many cases a purlin is not used at 
this point. Thcpe sketches show two general classes 
of details. In one case the purlin is fastened directly 
to the top chord. In tlie other, adequate direct 
connection to the top chord can not be secured. 
To provide proper connection, the gusset plates are 
enlarged and the purhn is fastened to the plate by 
means of a standard I-bcam or channel connection. 
As a great variety of special connections are in use 
for details at these points, only a few of the more 
common types are shown. 

Purlins for truss spacing greater than about 20 
ft. can not be provided economically by single rolled 
shapes. It is necessary to use a form of plate or 
trussed girder, or if the span is not too great, a 
trussed purlin, such as shown in Fig. 148, can be 
used. Where the girder purlin is used, it is usually 
placed in a vertical position. A form of roof truss 
must be selected which contains vertical members so 
located as to provide proper end connections for the 
purlin. Trusses of the type of Fig. 144 (<), (fc;, (1), 


Fia. 147. 

or (m) provide the necessary vertical members, where a moderate span length is used. Trussed purlins are 
generally used where a very wide truss spacing is necessary to obtain maximum economy. 

Girts are usually made of angle or channel sections. Fig. 149 shows the method of connecting the section to 
the supporting column. For spans of 15 ft. or more, it is necessary to provide a line of tie rods which extend verti¬ 
cally to the eaves. This relieves the bending stresses in the girts and permits the use of smaller sections. 



Pig. 148. 
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128« Coonectioiis between Purlins and Roof Covering.—Fig. 150 shows a few of the methods 
used in fastening the roof coveiing to the purlins. Fig. (a) shows the details of connections 
between rolled steel sections and plank sheathing. As shown, a nailing strip is fastened to the 
seetion. The sdieathing is then nailed to this strip. Where wooden siding is used, it is fastened 
to the girts in a similar manner. 

Oorrogated steel roofing and siding are fastened to the purlins or girts by the methods 
thown in Fig. (5). Clinch nails are used with angle purlins, and sometimee with the smaller 
channels. The nails are made of soft wire, and are clinched around the purlins. Strap fasten* 
jugs aroused wiHx all sections. The strs)^ are made of No. 18 gage steel about H 
smi to the covering by a stove bolt in eiush end of the strap. Odp fasteaings ale 
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made of No. 16 gage steel. The usual dimensions are X 2)^ in. They are fastened to 
the covering by two stove bolts at one end of the clip to prevent turning. A nailing strip is 
preferably used with an anti-condensation lining, and also for fastening siding to girts. In al] 
cases the fastenings are spaced about a foot apart. 



Fia 150 


129. Bracing of Roofs and Buildings.—The bracing to be provided for a roof depends apoxi 
the character and use of “the building. For a roof supported on masonry walls, the objoci of 
the bracing is to provide a stiff rigid structure which will not be subjected to vibration Jue to 


machinery or moving 
loads, such as cranes, 
etc. In the case of a 
roof supported on steel 
columns, the entire 
structure is depend¬ 
ent on bracing for 
stability against lat¬ 
eral forces. The 
trusses must be thor¬ 
oughly braced and the 
columns must be con¬ 
nected by longitudinal 
and transverse sys- 
tems of bracing. 
Without such bracing 
the structure would 
collapse in a high 
wind storm or due to 



stresses and vibration 
from moving loads, 
such as cranes. In 
general it can be said 
that bracing should 
be so located that the 
lateral forces will be 



transmitted as di- 
rectly as possible to 
the walls and foundations of the building. 

Bracing for a roof supported on rigid walls is not subject to analysis for stresses, as the 
forces acting on the bracing are indefinite in nature. The designer must use his judgment, 
based an past experience, m the determination of the form of bracing and the make-up of the 
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sections. In the case of roofs supported on columns it is possible to determine approximately 
the stresses in the bracing. This problem is considered in detail in the chapter on the * * Detailed 
Design of a Truss ^ith Knee-Braces.'’ 

Roof trusses supported on columns should be provided with bracing for the trusses and 
also bracing for the columns. Fig. 151 shows the relative position of the required bracing. 
Every third or fourth pair of trusses should be rigidly braced with diagonals placed in the planes 
of the upper and lower chords of the trusses. The unbraced trusses between the pairs of braced 
trusses should be connected to the others by unbroken lines of struts running the full length of 
the building and located at the eaves, the apex of the truss, and at several points in the plane 
of the lower chord of the truss, at distances apart depending upon the width of the building. 
These distances should be such that the diagonals of the bracing will form angles of about 45 
deg. with the loads to be carried. 

Column bracing should be provided for the baye in which the trusses are braced, as shown in Fig. (a). This 
bracing consists of rods or rolled shapes. The bracing should be so arranged that the members make angles of about 
45 deg. with the horisontal. 

A system of bracing is also to be provided in the plane of the ends of the building. This bracing must assist 
in carrying the transverse forces. Two forms of such bracing are shown in Fig. 151. Fig. (c) shows a knee-braced 
bent similar to the others. This truss provides the required bracing for transverse forces, and also supports a set 
of vertical members which carry the girts and siding. The horisontal forces brought to the lower chord of this 
truss by the siding are resisted by the horisontal trusses in the plane of the lower chord oi the main trusses. 

Fig. (d) shows an arrangement of vortical beams which carry the girts and the siding. These beams transfer 
part of their load to the bracing in the plane of the lower chord of the main trusses. Vertical diagonal bracing is 
provided in the plane of the end of the building, as shown in Fig. (d). 

Buildings with rigid side and end walls of masonry require bracing only in the planes of the upper and lower 
chords of the trusses. This bracing can be of the same general form as described above for the roof on steel columns, 
except that a strut is not required at the eaves. A detail design of bracing for a roof of this kind is given in the 
chapter on the ** Detailed Design of Steel Roof Truss." 

180. Choice of Sections.—In selecting the rolled shapes with which the members of the 
truss are to be formed, the designer must be governed not only by the required area but also 
by the ease with which the section can be obtained from the rolling mills. If any section is in 
great demand, it will be rolled at frequent intervals, while a section for which there is little 
demand will be rolled only when the orders on hand will warrant a rolling of the section. It 
often happens, therefore, that the time element will determine the section to be used instead 
of the stress to be carried. 

The sections which are the easiest to obtain, as a rule, are those of minimum weight for the 
shape in question. It will be found best to use as small a number of sections and sizes as 
possible, thereby insuring quick delivery. The various mills and large bridge companies have 
certain standard and permissible sections for which quick delivery is fairly certain. A short 
list of standard and permissible sections used by the American Bridge Co. is given in Table 4. 


Table 4* 


btaudard angles 


Permissible angles 

6" X 6" 

0" X 4" 


8" X 8" 

6" X 3H'' 

4" X 4" 

5" X 3h" 


6" X 5" 

4" X 3h" 

BH" X 

4" X 3" 


2K'' X 2H" 

3W" X 

3" X 3" 

3h" X 3" 


2" X 2" 

3" X 2" 

2H" X 2H" 

3" X 2H" 





2H" X 2" 





Standard channels 



Permissible ohannels 

16" 


8" 


9" 

12" 




7" 

10" 




6" 


Kiandard I-beams 



Permietible X-beanui 

20" 


i<y* 


24" 

IS" 


8" 


0" 

> 15" 

^ . 

8" 


r' 

4. 12" 






« HP Btiilftfiigi, and Bspdboak. by M. a K«te)iw. 
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181« Form of Members for Roof Trusses.—Members for wooden roof trusses are made 
preferably of single pieces of timber, square or rectangular in shape. Where single pieces can 
not be obtained, members are built up of planks securely fastened together so that the parts 
of the member will act as a unit. The d^ign of members of a wooden roof truss is considered 
in another chapter. 

Fig. 162 shows the form of members in general use for simple roof trusses of the type shown 
in Fig. 144. Compression chord and web members are made up as shown in Fig. (a). For 
members subjected to moderate stresses, too angles placed back to back, as shown in Fig. (a), 
will provide sufficient area. Angles with unequal legs are preferable, the longer legs to be placed 
together. In this way the ratio of length to 
radius of gyration of the combined section 
for axes OX and OY of Fig. (o) can be made —* 
equal, or nearly so. The resulting column 
is then of equal rigidity in all directions. 

To make certain that the two angles act as a Co) 
unit, they must be riveted together at in¬ 
tervals such that the* ratio of unsupported 
length to radius of gyration for a single 
angle is equal to or less than that for the 
combined section. This detail will be con¬ 
sidered further in Art. 166. 

Connections between chord and web 
members are made by separating the two 
angles by a small space which will allow a 
connecting plate to be inserted, as shown in (cj (d) 

Fig. (6). TTiis space between the angles is 
maintained over their entire length by means 
of ring fills or washers located at the connecting rivets. The size and shape of the connecting 
plates, which are known as gusset plates, depend upon the number of rivets to be provided in 
the connection. 

Where very large stresses are to be carried, the forms of members shown in Figs, (c), (d), 
and (s) are used. The form of Fig. (c) shows two rolled channels in place of angles, and Fig. 

(d) shows a built-up member consisting of 4 angles and 1 plate. In some cases the form of Fig. 

(e) is used. This form consists ot 2 angles and 1 plate. The plate acts as a part of the chord 
member, and at the joints, it acts as a gusset plate, similar to the arrangement shown in Fig. (&). 



I I T 
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In some forms of triuees the purlin spaoing is such that purlins must be placed at points between the top 
chord joints. The top chord section is then subjected to bending in addition to direct strees, and the section must 
be designed as a combined beam and column. I>esign methods are given in Sect. 1, and in the design of Art. 158. 
For members subjected to moderate stress and bending, the form of member shown in Fig. (a) can be used. Figs, 
(e) and (d) show forms adapted for large moments and direct stresses. The form of Fig. (e), although often used 
for members subjected to bending, is not a desirable form of beam section, as pointed out in Sect. 1, Art. 112. This is 
due to the fact that the top chord member of a roof truss is continuous from end to end, thus forming a continuous 
girder. As shown in Sect. 1, the moments at points of support are negative. Therefore the narrow edge of the 
{date at A, Fig. (s), is in compression. As this plate is not well supported at the joints, it is likely to buckle side^ 
wise. The forms of Figs, ic) and (d) are not subject to this objection. * 

Tension members are also made of two angles placed as shown in Fig. (a). Equal legged angles can be used for 
tension members, as it is not necessary to secure equal rigidity in all directions. Where tension members are 
subjected to bending as well as direct streM. the forms of Figs, (c) and (d) can be used. 

Joint Dotailt for Roof Truosoiu—^The design of joint details of a roof truss is a matter 
of the greatest importance. An investigation of the causes of roof truss failures will show that in 
most oases, the failure can be traced to faulty joint details. The same care and study should 
be devoted to the design of joints as to the design of the main members. 

In designitig joints, a point of great importance is that the c^ter lines of all members miteis 
ing S }<dnt dbould meet at a common point, which should be located at the intersection of the 
center Ihies of Ihe truss m^smbars, as shown in Fig. 163(a). If this point is overlooked, as shown 
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in Fig. (6), where the intersection point of the diagonals isatadistailceafromthelineof action 
of the remaining members, there is set up a bending moment Po, which tends to twist the joint 
out of position. This moment must be resisted by the members entering the joint. Proper 

provision should be made for 

? ^ ^ the increased stresses, or the 
detail should be changed so os 
to eliminate the moment. 

The designer, in addition 
to satisfying the above require¬ 
ment, should carefully trace 
the stresses from the several 
•piQ, 153 members into the joint, making 

certain that proper connections 

have been made, and that all parts are proportioned to care for the stress which they may be 
called upon to carry. 



Most speoificationa state that syrometrical sections shall be used for principal members. Others allow the use 
of single angles for members with small stress. Fig. 154 shows a connection made for a member composed of a 
symmetrical section and another made of a single angle. In Fig. (b) is shown a symmetrical member composed 
of two equal angles, one on each side of the gusset plate. The stress in the membe’* ^an then be considered as brought 
directly to the gusset plate. In Pig (a), where a single angle is used, the center line of the member and the plane 
of the truss do not coincide. The member is then subjected to a direct stress P and a bending moment M ■« Pa, 
where a is the distance from the center of gravity of the angle to the plane of the truss. For the conriitions shown 
in Fig. (a), the design must be carried out by the methods given in Sect. 1 for bending and direct stress. The 
usual methods often neglect entirely the effect of the eccentric connection, which leads to a faulty design. 

In addition to the large bending stresses in the member in question, as shown in the detail of I ig. 154(o), there 
is also present the effect of the eccentric load on the other truss members. A load applied to the side of a plate, as 
shown in Pig. (a), tends to twist the top chord out of line, thereby setting up 
additional stresses in the chord section. It therefore seems best to specify 
that all members carrying calculated stress shall be composed of symmetrical 
sections, or sections which will allow a symmetrical connection of the form shown 
in Fig. (b) to be made. 

The methods of design for joint and member connections, and the general 
methods of detailing have been given in Sect. 2. Application of the principles 
of this article and of the chapters quoted will be found in the design of roof 
trusses given in Jater chapters. 

188* Loadings for Roof Trusses.—The load to be carried 
by a roof truss consists of the weight of the truss, the roof 
covering, purlins, bracing, and any other loads, such as ceilings, 
suspended floors, and machinery, etc., in factory buildings. In 
addition to these loads, the roof must be designed to carry the maximum wind and snow 
loads which experience shows are likely to occur in the particular locality. These loads will 
be considered in the following articles. 
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Table 5.—Weights of Building Materials 


(Pounds per square foot) 


Copper roofing, sheets. 

Corrugated iron, painted or galvanized 

No. 26,1 lb.; No. 24, 1.3 lb.; No 22,1 6 lb.; No. 20,1.9 lb. 

Felt and asphalt roofing. 

Felt and gravel roofing. 

Flastered edling. 

Sheathing, 1 in. thick 

White pine, hemlock, spruce. 

Yellow southern pine. 

Shinglee, common... 

fiOorlights, including frames 

glass, 4M SKs-in., 5 Ih,; 6 lb, 

YQa# corrugated, 8-^10; flat, 15-20. 

or shingles........... 


.IH 

; No. 18, 2.61b.; No. 10, 3.3 lb. 

.2 

. 8 to 10 

. 10 


4 

2H tod 


IU> IH 
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When a roof truss is to be designed to carry additional loads of the nature mentioned above, 
the amount of these loads must be determined, together with their points of application on the 
truss. The maximum stresses in the members of the truss are then to be determined by the 
methods of Sect. 1, or in certain cases, the stress coefficients of the following chapter can be used. 
To assist in the calculation of these loads there is given in Table 6 the weights of building mate¬ 
rials in common use for roofing. 

184. Weight of Roof Trusses.—The weight of a roof truss must be known before the true 
maximum stresses can be detennined. Since the size of the members, and therefore their true 
weight, is dependent upon the stresses, it follows that the true weight of the truss must be 
known before a correct design can be made. The true weight of a truss can be determined 
by cut and try methods. A preliminary design can be made using an assumed weight. The 
weight of the structure as designed can then be determined and the assumed and calculated 
weights compared. If these weghts do not agree within a reasonable limit, another design 
must be made, using an estimated weight based on the calculated weight of the preliminary 
design. This process, if repeated, will finally lead to the desired true weight. 

In general it will be found that for trusses of moderate size, sp^ns of 80 feet or less, the 
weight of the truss is a small part of the total load to be carried. The greater part of the load, 
as the weight of the roofing, purlins, bracing, and the wind and snow loads, can be determined as 
soon as the local conditions are known. For trusses of the size mentioned, it will be found that 
the weight of the truss represents aliout 10 or 15 % of the total load to be carried. Therefore 
the preliminary estimate of truss weight need not be very accurate, as a relatively large 
error in the estimated weight will result in a small error in the total load. Thus, if the dead 
load be 15% of the total load, and an error of 30% be made in estimating the dead load, 
the resulting error is 0.3 X 15 = 4.5 % of the total load. It is therefore probable that the 
true weight, as determined by the i)rocess outlined above, can be found from the second trial 
design. 

Bridge companies and designing engineers have collected the actual shipping weights of 
roof trusses of moderate span designed for a great variety of loading conditions. From this 
information empirical formulas have been derived from which it is possible to estimate the 
approximate weight of a given truss. Instead of using the long process indicated above, the 
weight of a truss is calculated from a selected formula. If the proper formula has been 
used, the actual and assumed weights will usually be found to agree within reasonable limits, 
and a revision will not be necessary. 

The factors which influence the weight of a roof truss are the type of truss, pitch of roof, 
character of roof covering, distance between trusses, amount and distribution of loading, as¬ 
sumed combinations of loading, working stresses, general requirements of the specifications as 
to details and minimum thickness of material, and the personal equation of the designer. It 
can be seen, then, that a formula for roof truss weight, in order to yield reliable results, must be 
used for the conditions for which it vras derived. In most cases this information is not given 
with the formula. As there are so many factors which effect the weight of a truss, it is to be 
expected that the formulas collected from different sources will not agree. An interesting 
comparison of this nature made by R. Fleming is given in the Eng, News-Recordf Vol. 82, No. 
12, March 20, 1919, p. 676, to which the reader is referred. 

From an axatoinaiion of the weight data for a largo number of simple roof trusses of pitch supported on 
masonry walls, the weight per sq. ft. of horisontal covered area was found to range from about 2 to 2.5 lb. for spans 
of 30 ft. to about 6 or 6 lb, for spans of 100 ft. Within these limits the weight of bracing was found to vary from 
about 0.3 to 0.8 lb. Trusses of greater or less slope were found to have weights differing from 5 to 25 % of the v^ues 
given above. The variation in weight due to different loadings was found to be equal to from 25 to 75% of the 
change in loading. Trusses with cambered lower chords were found to weigh from 15 to 40% more than corre¬ 
sponding trusses with flat chords. 

The formulas on p. 406 are a few of those proposed for the determination of the weight of roof trusses. 
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Table 6.—^Fobmttlas toe Weight or Roof Tbotsbs 


formulas for Wooden Roof Trunes 

w « 0 (HL + 0.000167La N. C. Ricker 

w «• 0.5 + 0.075iL H, S, Jacoby 

w - 0 75 (1 + 0 lOL) M. A. Howe 

Formulas for Steel Hoof Trusses 

to - o.oat + 0 6 for heavy ioade K, ^ j, , 

«’ - 0.04L + 0.4 for Ught loada / ^ ^ 

w 0.20 (y/L + O.I 25 Z 4 ) Carnegie Handbook 

For 40 lb. per sq ft. rapacity. For other loads multiply formula by ratio* Load per sq. ft. 40. 
Formula for steel mill building trusses 


► C E Fowler 


M. S. Ketchum 


In the above formulas, w » weight of truss in lb per sq. ft. of horisonta) covered area, L » span in feet, 
A *«• distance between centers of trusses in feet, and P capacity of truss in pounds per sq. ft. of konsontal 
covered area. 

In roof trusses for large structures, such as long span trusses for train sheds or auditoriums, the dead weight of 
^he trusses form a large part of the total load to be carried. The weight of the trusses must then be known i^ithin 
much narrower limits than in the case of short spans. As long span roof trusses are not as common as those of 
'ihorter spans, there is available very little weight data from which to derive weight formulas. Also, the conditions 
to be met differ so widely that a general formula available for all cases is entirely out of the question. The designer 
must then resort to the cut and try method outlined above for the determination of the weight of the trusses. 


1$5. Wind Loads.—The maximum wind load to be carried by a roof has been determined 
by experiment and by observation of the results of severe wind storms. Experiments show that 
the pressure on a plane surface normal to the direction of the wind varies approximately with 
the square of the wind velocity. From experiments made at Mt. Washington in 1B90, Prof. 
Marvin derived the formula^ 

P « 0.004F* 

where V » velocity of wind in miles per hour, and P » pressure in pounds per sq. ft. Later 
experiments made at the Eiflfel Tower and at the National Physical Laboratory of England 
gave results in close agreement, but with somewhat smaller values than obtained by Prof. 
Marvin. The observed values are expressed by the formula 

P « 0.0032F* 

It was found by observation that the pressure varied greatly over a large area, due to the 
variable character of the wind. During the erection of the Forth Bridge, Sir Benjamin Baker 
found that the ratio of unit pressure upon an area of IH sq. ft. to that on an area of 300 sq. ft. 
varied from 1.3 to 2.5, averaging 1.5. During a seven year period the maximum observed pres¬ 
sure on the smaller area was 41 lb. per sq. ft.; while that on the larger area was 27 lb.* 

No measurements have been made of wind pressures during tornadoes. Damage resulting 
to structures during the St. Louis tornado of 1896 indicated that there must have been a pressure 
of 60 Ib. per sq. ft, on a length of 180 ft.* A study of the effects of tornadoes made by C. Shaler 
Smith and others leads to the conclusion that the maximum wind pressures are exerted over a 
comparatively small width, and that pressures exceeding 30 lb. per sq. ft. are not likely to extend 
over a width exceeding 60 ft.* 

A study of the above data indicates that a maximum pressure of 30 lb. per sq, ft. is ample 
for structures in an exposed position. For structures in a protected position, 20 to 25 lb, per 
sq, ft, is ample. 

The results quoted above are for surfaces perpendicular to the direction of Ihe wind, which 
is assumed as horisontaL In the case of roof trusses, the roof surface is usually inclined to the 
horisontal, and ^erefore to the direction of the wind. It Is usually assumed that the resultant 
pressure the wind is entirely normal to the roof surface. This assumptidn is reasonable, 
since the friction of the air on comparatively smooth surfaces k very small. The component of 
windiU'easure paraB to the roof can then be n^eoted without senirible error. 

I ' 

IS, xm, 

* F4h. 2$, ISSO. 


» fmm. Am. Soc. C, F., Vol. XXXVU, p; m. 
* Traiw, Am, C, F., V«l. UV, p, 37* 
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ThA prawttw on surfMM indined to the direction of the wind has been determined by experiment* Kxpen.. 
menta mad# in 1^99 by Col« Duohemin, a French army officer, are the baaie of the Duchemin formula, which ie 
oonaidered to cive the moat reliable results and to represent the best knowledge on 
the subject. The Duchemin formula is 


Pn - P 


2 sin g 
1 -f sin* a 



where P * unit pressure in lb. per eq. ft. on a surface perpendicular to the direction of 
the wind, Pn - component of pressure normal to the roof, and a » angle which the 
inclined surface makes with the direction of the wind The vertical and horisontal 
components of Pn, shown in Fig. 165, are given by the formulas 


P 



Fig. 155. 


P* - P 


2 sin* a 
1 + am*« 


and 


P. 


sin « cos g 
1 + sin* a 


where Pk and P. arc respectively the horisontal and vertical components of the unit pressure Table 7 gives 
values of Pn for various angles. 


Table 7.—Wind Load in Pounds peb HtjuABE Foot op Roop Subpacb 


Inclination 

.... 

Nornml pressure. Pn 

F = 30 lb 

P - 20 lb. 

r,o 

5 1 

3 4 

10® 

10.1 

6 7 

15® 

14 6 

9.7 

21® 48' 5" (H pitch) 

19 8 

13 1 

26® 33' 54" ( pitch) 

22 4 

14 9 

30® 

24 0 

16 0 

33® 41' 24" iH pitch) 

25 5 

17 0 

46® (H pitch) 

28 3 

18 9 

60® 

29 7 

19 8 

90® 

30 0 

20 0 


Experiments made on small scale models of buildings indicate that the action of the wind causes a suction on the 
leeward aide of the builaing in addition to the pressure on the windward side. An account of these experiments wUl 
be found in the Proo. Inst. Civ. Engrs., Vol. CLVI, p. 78, Vol. CLXXI, p. 175; and in the Journ. Western Soe. 
Engrs., Feb , 1911, Apr. and Dec., 1912. While this suction undoubtedly existe, as shown by the bursting effect of 
tornadoes, it is difficult to formulate a set of practical conditions to be used as a basis for designing. The expe*iments 
quoted above were made on small models, closed on the leeward side. Open windows on the leeward side of a shop 
building, or monitors ar the ridge, 's ill relieve all or a part of the pressure due to suction. This action should be 
recognised and provided for to the extent of making all members capable of resisting a reversal of etrees, and 
by providing proper anchorage of trusses. 

186« Snow Loads. —The snow load to be carried by a roof truss is a variable quantity, 
depending upon the slope of the roof, the latitude, and the humidity. Dry freshly fallen snow 
wdighs about 8 lb. per cu. ft., and may attain a depth of 3 ft. on flat roofs. Packed or wet 
snow weighs about 12 lb. per cu. ft,, but seldom will be found at greater depths than 18 in. 

Table 8 gives sndw loads for various latitudes and roof pitches. 


Table 8.—Snow Loads fob Roof Trusses 
(Pounds per sq. ft. of roof surface) 


Location 


H 

H 

H 

H 



* t 

* t 

* t 



Bouthsm States and Padftc Slope. 

(H) 

0-5 

0-5 

5 

5 


0-5 

7-10 

16-20 

22 

30 


0-10 

10-15 

20-25 

27 

35 

^sw Baglaiid States... 

0-10 

10-15 

20-25 

35 

40 

I^arihwest States. 

0~12 

12-18 

25-30 

87 

45 


*9^ ijkl|i,|0#, wis^ t For chiuiii rooti. 
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187, Combinations of Loads*—The proper combination of wind and snow load to be used 
with the dead load for the determination of the maximum stresses in the members of a truss is 
largely a matter of judgment on the part of the designer. It is generally assumed that the wind 
pressure acts normal to the windward surface of the roof, there being no pressure on the leeward 
surface. The unit pressure on a vertical surface is generally taken at 30 lb, per sq. ft. f or exposed 
structures and at 20 lb. per sq. ft. for sheltered structures. Pressures on inclined surfaces are 
usually determined by the Duchemin formula for which values are given in Table 7 of Art. 135. 
The snow loads are given by Table 8 of Art 136. 

Some designers assume that the maximum stresses in a roof truss are due to the dead load 
and a combination of the full wind and snow loads acting at the same time. This does not seem 
to be a reasonable assumption, for it implies that the snow remains undisturbed under a wind 
velocity of 100 miles per hour. A wind storm of this intensity would blow all of the snow off 
a roof as fast as it falls. 

Wet snow or sleet is likely to adhere to the roof surface even in a high wind, but the depth 
of such a deposit will seldom be greater than one-half of the probable maximum for that region. 
It would then seem best to provide for the maximum wind load and a snow load equal to one-half 
the value given in Table 8. In some cases the minimum snow is assumed to be 10 lb. per sq. 
ft. of roof for all slopes. To provide for the condition tliat a heavy snow storm may be accom¬ 
panied by a light wind, it is sometimes specified that the maximum snow load shall be combined 
with a wind pressure of such intensity that the snow load will not be disturbed. This wind 
pressure is estimated at from to 3^^ of the maximum wind pressure. 

Other designers assume that the snow load exi&ts only on the leeward surface of the truss 
in combining wind and snow loads. This assumption does not seem reasonable, as eddy cur¬ 
rents are set up on the leeward surface of the truss due to the reduction of pressure caused 
by the wind blowing over the top of the roof. These currents of air tend to clear the leeward 
surface of all snow. 

The combinations of loading which seem to be most reasonable, and to approximate actual 
conditions are: 

(а) Dead load and maximum snow load. 

(б) Dead load, maximum wind load, and one-half the snow load or a minimum snow load 
of 10 lb. per sq. ft. of roof. 

(c) l^ad load, one-half or one-third wind load, and maximum snow load. 

The stress to be used in the design of the member ia the greatest obtained from these combi¬ 
nations. In a region of moderate snow fall it will be found that the stresses obtained for (6) and 
(c) are practically equal for trusses of the type of Fig. 144. For very large roofs of varying 
slopes both combinations must be tried out to determine the maximum stress. Where a 
heavy snow fall occurs, as in the far North, it is very likely that cases (a) or (c) will give the 
maximum stress. 

It has been found that for simple roof trusses of the type shown in Fig. 144 resil^g on 
masonry walls, the maximum stresses due to wind and snow loading for cases (&) and (c) do 
not differ materially from those determined for a uniform vertical load over the entire roof 
surface. The great advantage of such a method, for the cases to which it will apply, is the 
ease with which the stresses can be determined. By means of the tables of stress coefficients 
given in the chapter which follows, the time spent in stress calculation can be reduced greatly. 

Before this short out method of stress oaloulation is applied to the determination of the stresses in a given truss, 
it is neoessary to know the limitations of the method. Comparative stress calculations made by the uniform 
vertioal load method and by the normal nrind load method for trusses of the Fink, Pratt, and Howe type, as shown 
in Figs. 144(a) to (k) ind., and (p) show that for wind effect only, the first method of calculation gives chord stresses 
which are greater than those obtained by the second method, while the second method gives stresses in some of the 
interior membeis which are greater than those obtained by the first method. In no ease was a reversal of stress 
found to occur. Since the stresses due to wind form from H to H of the total stress in the members, it was found 
that when the combined effect of the dead, snow, and wind loads was considered, the total stresses obtained by the 
two me^ods were close enough for all practical purposes. 

Of^ of tl^ Important points in a short out'kiethod of this nature is the selection of the proper equivalent 
uniform kad &Jbe uaed. Tlds is a matter on which the designer must use his indgment. Before deeding on the 
lend lo m wm *'lihe designer should make a sthdy of the case In hana. By trialan equivalent loiMil enn be deietv 
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mined which will answer the conditions. This load will differ for trusses of different tsrpes, a point which must be 
checked up by the designer. Table 9 gives values of combined wind and snow loads. 

Table 9.—Combined Wind and Snow Loads for Roof Trusses 


(Pounds per sq. ft. of roof surface) 


Location 

Pitch of roof 

60* 

45** 

H 

Va. 

H 

Flat 

Northwest States. 

30 

30 

25 

30 

37 

45 

New England States. 

30 

30 

25 

25 

35 

40 

Rocky Mountain States . 

30 

30 

25 

25 

27 

35 

Central States. 

30 

30 

25 

25 

22 

30 

Southern and Pacific States . 

30 

30 

25 

25 

22 

20 


A point which comes up in the determination of the areas of the sections for the members of a roof truss is the 
working stresses to bo used for the different kinds of loadings. Most designers determine the maximum stresses by 
either of the methods mentioned above and apply the same working stresses for all loadings 

In deciding this point, it should be noted that the loads earned by a roof truss differ in nature. Thus the dead 
load is always present, and must be included in all combinations of loading. The snow load is not always present, 
but when present, it can be expected to exist for a considerable time. For loads of the clmracter of the dead and 
snow loads, which may be considered as permanent loads, the allowable working stresses as specified, should be used. 
The wind load, on the other hand, is quite variable in nature From the values given in Art. 135, the specified 
wind load of 30 lb, per sq. ft. is duo to a wind velocity of about 100 miles per hour. Such a wind pressure is then an 
extreme condition which is encountered but few times in the life of a structure, and then only for very short intervals 
of time. Maximum wind pressure can then be classed as an occasional loading, and the working stresses modified 
accordingly. This point has been diacussod by R. Fleming in an excellent series of articles on “Wind Stresses.'** 
He recommends that the working 8trcsse.s for wind loads, when combined with dead and snow loads, be increased 
50%. This is done by decreasing the intensity of the unit wind pressure by H* and applying the same working 
stresses as for the dead and snow loads. Further discussion of this question will be found in the chapters on steel 
roof truss design. 


ROOF TRUSSES—STRESS DATA 

By W. S. Kinne 

138. Stress Coefficients.—Where the stresses are to be calculated for a great many struc¬ 
tures, in which the type of truss and the character of loading arc exactly the same, the time 
spent in stress calculation can be reduced greatly by the use of stress coefficients. A type of 
structure to which the calculation of stresses by coefficients is readily adapted is the roof truss, 
for which in general the applied loads consist of equal panel loads placed at the panel points of 
the truss. Since in general it is possible to arrange the calculations so that the only variable 
is the amount of the equal applied loads, which for convenience are taken as unit loads, the 
stresses in all members of the truss can be expressed as a function of the form of the truss and 
the position of the loads* This factor is known as a stress coefficient. If then, the panel loads 
are determined, subject to conditions depending upon the size of the truss and the intensity of 
the applied loads, the stress in any member is obtained by multiplying the actual pand load by 
the stxess coefficient for the member in question. 

In the present chapter, tables of stress coefficients have been worked out for some of the 
standard forms of roof trusses. A general formula is given by which the stress coefficient for 
any member is expressed in terms of the form of the truss. Special numerical values of these 
coefficients have been calculated and are tabulated for a few of the pitch ratios generally used 
in practice. A more complete discussion of the conditions to which the tables apply will be 
giyen in the following articles. 

< Rmr. ra, S, Feb. 4, 1915, p. 210. 
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The numerical values of the stress coefficients given in the tables at the end of this chapter have been expressed 
to three significant figures. Therefore, all stresses calculated from these tables are accurate only to three signifi¬ 
cant figures. For example: Suppose that the panel load for a given truss, calculated by the methods given in the 
chapters on the ‘'Detailed Design of Roof Trusses** is 3,520 lb., and supx>ose that the stress coefficient for the member 
whose stress is desired is 4.52. Assuming three figure accuracy, the stress in the member is 8,520 X 4.52 15,000 

lb. It is of course possible to multiply out these qiiantities, obtaining the result, 3,520 X 4.52 « 15,910.40 lb. 
But since in calculating the coefficients we retain only three significant figures, the coefficient 4.52 may mean any¬ 
thing from 4.515 to 4.526, and the corresponding products will be 3,520 X 4.515 *- 15,892.80, and 8,520 X 4.625 
15,928.00. However, as the original data is accurate only to three places, it is quite evident that the result of any 
manipulation of these data can be accurate only to the same number of places. If we decide to retain only three 
significant figures in the above multiplications, we proceed to discard any figures in the fourth place below a five, 
and retain any figure in the fourth place above the five by changing the third significant figure to the next higher 
number. Thus in each case the result is found to be 15,900 lb. It will be noted that in each case the change made 
is less than 1 % of the result. From an examination of the design tables given in the chapters on the “Detailed 
Design of Roof Trusses** it can be seen that stresses obtained with this degree of accuracy are close enough lor 
all designing conditions. 

If the designer desires more accurate results, he can make the proper substitutions in the general formulas for 
the stress coefficients, retaining the desired number of significant figures. 

139. Arrangement of Tables of Stress Coefficients—Notation Adopted.—The tables of 
stress coefficients given at the end of this chapter have been made up for some of the standard 
forms of roof trusses of the type shown in Fig. 144, p. 461. In each of these tables, a truss dia¬ 
gram shows the form of the truss and the position of the applied loads. Each member of the 
truss is represented by a number, which is placed on the truss diagram. By locating the mem¬ 
ber whose stress is desired, its reference number can be determined, and by looking up this 
reference number in the table, the stress in the member can be determined. Where several 
members have equal stresses, the same reference number has been used. 

Two methods have been used to indicate the kind of stress in the members. One method 
indicates the character of the stress by the weight of the lines used in the loading diagram at the 
head of each table. Heavy lines denote compression, light lines denote tension, and dotted 
lines denote zero stress. The other method indicates the character of the stress by means of 
the sign used with the numerical value of the stress coefficient. A plus sign is used to indi¬ 
cate tension, and a minus sign is used to indicate compression. There are a few members in 
the trusses of Tables 27 and 28 for which a reversal of stress occurs. In such cases the sign 
given with the stress coefficient must be used to obtain the character of the stress. 

In deriving the stress coefficients, it was found convenient to express them in terms of the ratio of span length 
to height of truss at the span center. The resulting ratio, which is denoted by n, is given by the expression n m 
l/K where I ■■ span length and h height of truss. It wiU be noted that this ratio is the reciprocal of the pitch of 
the truss, as defined in the chapter on “Roof Trusses—General Design.'* In calculating the numerical values of ths 
stress coefficients, substitutions were made in the general formtdas for the pitch ratios in general use. If values for 
other pitch ratios are desired, they can be obtained by interpolation from the values given in the tables, or they oan 
be calculated directly from the general formulas. 

140. Stress Coefficients for Vertical Loading.—Tables 1 to 26 give stress coefficients (|ue 
to vertical loading for several of the types of trusses commonly used for roofs. Two geneif^l 
oases will be considered: (a) equal loa^ applied at all top chord panel points, known idso as 
roof loada; and (b) equal loads applied at all lower chord points, known also as ceiling loads. 
These cases wiU be discussed separately. 

140a. Roof Loads.—Tables 1 to 17 give stress coefficients for Fink, Fan, Pfatt, 
and Hiowe trusses of various numbem of panels due to equal vertical loads applied at the top 
chord points. Tables 16, 16, and 17 are for Fink trusses for which the lower chord has been 
cambered for the sake of appearance This introduces another variable, A, by means of which 
the rise of the lower chord member is expressed as a fraetbnal part of height of the tnasSt 
Numerical values of the stress coefficients have been calculated for the usual Values of it and 
for three values of k, 

140h. Cdlisg Loads.-**Where the top and bottom chord panel points Me on the 
same vertical hii% as in the Pratt trusses of Tables 7 to 10 and the Bbwe trusses of Tables II to 
14, etiess c^ffiriiptsfor pan^ loads apfffied at %e lower cimid points con be obtoloidli^ #IOSe 
given for by the application of a rule. TWs rule Is as liAoiss: . 
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ciente due to oeiliug loads for all members in Pratt and Howe trusses, except verHeals, are the 
same as given in Tables 7 to 14 for roof loads. Stress coefficients for stresses in vertical mem- 
here due to ceiling loads can be obtained from the values given in Tables 7 to 14 by adding +1 
(algebraic addition) to the stress coefficients for roof loads. By adding 4*1 algebraically, the 
sign of the result will indicate the character of stress in the vertical ( + « tension, — = compres¬ 
sion) and the numerical value will give the amount of the stress. 

As an example of the application of this rule, suppose that the stress coefficients are desired for the vertical 
members of the Howe truss of Table 12. Note tnat the stresses in vertical members are independent of the value of 
n. Applying the above rule to member 6, the stress coefficient for a ceiling load is 0 4- 1 » -}- 1, or a tension of 
1, as indicated by the plus sign. Likewise for member 7 we have + 1 + 0.5 « -f- 1-5, or a tension of 1.5. 

Applying the same rule to the Pratt truss of Table 8, the stress coefficient for member 3 due to ceiling loads is 
4 1 — 1 0, or sero stress. For member 4 we have — 1.50 + 1.00 — — 0.50, or a compression of 0.50. For 

member 10, we have 0 + 1.0 1.0, or a tension of 1. 

The rule given above does not apply to the trusses of Tables 1 to 6 and 15 to 17. Special 
tables of stress coefficients for ceiling loads are given for these trusses in Tables 18 to 26. Tables 
18 to 21 are for unsymmetrical loads such as lines of shafting, heavy pipe lines, or machinery 
loads. Tables 22 and 23 are for symmetrical loads, such as ceiling or floor loads, and can be 
made to include the weight of purlins, floor or ceiling joist, floor and ceiling loads, and live loads 
applied to an attic floor. 

If stresses are desired for all lower chord points loaded, the stresses calculated for the partial 
loads, as given by Tables 22 and 23 can be added 
to obtain the total stresses. It will usually be 
found that stress calculations can be made by this 
process in less time than is required by the graph¬ 
ical methods given in Sect. 1. 

Tables 24 to 26 for a cambered Fink truss 
are similar to Tables 21 to 23 for the straight 
chord Fink truss. 

141. Stress Coefficients for Wind Loads.—In 
the discussion in Art. 135, it was pointed out that 
for trusses of the Fink, Fan, Pratt, and Howe type, 
wind stresses calculated for a vertical loading 
represent tairly well the effect of wind loads. The 
stress coefficients of Tables 1 to 17 can be used for 
this assumed wind loading. 

In case a more exact determination of wind 
stresses is desired, stress coefficients have been 
worked out for Fink and Howe trusses for wind 
loads applied normal to the windward roof surface. 

Since wind loads acting normal to the roof surface 
cause reactions which have horizontal components, 
the stress will depend upn the conditions at the 
points of support. Fig. 156 shows the conditions assumed at the supports. Cases I, II, and 
III are intended to represent conditions in steel trusses, where provision for expansion due to 
temperature changes must be made at the walls. Three common assumptions are shown in 
Fig. 156u It will be noted that these assumptions affect the stresses in the lower chord mem¬ 
ber only, and the tabulation of stress coefficients is arranged accordingly. Case IV represents 
conditions in small steel trusses, and in all spans of wooden trusses, for in these spans expan¬ 
sion due to temperature need not be considered. 


Cose I Uff- end fixed, ffipWendfree 
PtrBctfd n orwM 



CoseE Left end fnee,»ghf end fixed 





Casein Both ends free, 

^ u/ * ^ ♦ 




Case nr Both ends fixed^ Rtoctlons normal io 
roof aurfixee 


R,»fr/co5& 
sm e ^ ^ 









Fia. 156.—Assumed reaction conditions for wind 
load stresses. 
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ISoc. S-141 



Member 

General formula 

A’alue of n 

3 

« 33* - 41' 

2V3 

1 e? « 30* 

( 

1 

4 

= 26“ - 34' 

6 

^ » 21* - 48' 

6 

^ « 18" - 26' 

1 


-2.70 

-3.00 

-3.35 

-4.04 

-4.74 

2 

- (3«’ 4) 

-2 15 

-2 60 j -2 91 

-3.67 

-4.43 

3 

Wn 

N 

-0.832 

-0 866 j -0 891 

-0.929 

-0.949 

4 

i-HWn 

+0.750 

+0.868 1 +1.00 

+ 1.25 1 

+ 1.60 

5 

■i-HWn 

-i-2,25 

+2.60 

+3.00 

+3.75 1 

+4.60 

6 

+MTrn 

+ 1.50 

+ 1.73 

+2 00 

+2.60 

+3.00 


+ "■ tension 


compression 
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Table 2. —Stress Coefficients—C oupoimi) Feme Tress 



Member 

1 

General 

formula 



Value of n 



i 

e ^ id° - 41' 

2x/3 
e « 30* 

4 

9 - 26® - 34 

5 

e ^ 2V - 48' 

6 

0 » 18®-26' 

-HW\ 

-0 31 

-7 00 

-7 81 

-9 42 

-11 07 

2 


-5 76 

-6 50 

-7 18 

-9 05 

-10 75 

d 


-j 20 

-6 00 

-6 91 

-8 68 

-10 43 

4 

1 

2 

r 

to 

1 

-4 ()> 

-5 50 

-6 48 

-8 31 

-10 12 

5 

- tt” 

N 

-0 Si2 

-0 866 

1 

-0 804 

-0 929 

-0 949 

0 

-2n'” 

~1 (»(> 

~1 73 

-1 70 1 

-1 86 

-1 90 

7 

•f >4 n 1 

fO 750 * 

1-0 868 1 

-f 1 00 1 

-f 1 25 1 

+ 1 50 

8 

-\-}2Wn 1 

+ 1 60 1 

+ 1 73 

f 2 00 1 

-\-2 50 1 

+3 00 

9 

1 

+ 2 25 

+ 2 W) 1 

-f3 00 1 

-f3 75 1 

h4 50 

10 

+’<»« 1 

+ 5 2o 1 

-1-6 07 

-f7 00 1 

+ 8 75 1 

-f 10 60 

11 

+ hrfn 1 

+4 50 1 

-f5 20 

fO 00 j 

+7 50 1 

+9 00 

12 

+ TFn 

+ 3 00 1 

+3 46 

+4 00 i 

+ 5 00 

+6 00 


+ ■■ tension — “ compression 
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Tavlis 3.—Stress Coefficients—Comfoitne Fink Truss 



A*/ , 

f. 



General 

formula 



Value of « 



Member 

3 

e * 33" - 4V 

1 2-v/3 

^ - 30" 

4 

» = 26" - 34' 

5 

» 21" - 48' 

6 

9 - 18"-26' 

1 


1 

' -8.11 

j -9 00 

I 

-10 06 

-12 12 

-14.21 

2 

-«^(9n> + 28) 

1 

-7.55 

1 

j -8 50 

-9 02 

- 11.75 

-13 91 

3 

+ 100) 
Is 

-6.00 

1 

-6 80 

-7.74 

-9 52 

-11.31 

4 

+ 4) 

-6 44 

-7 50 

-8 72 

-11 00 

-13.28 

5 

w 

-0 88 

-7.00 

1 

-8 28 

-10 63 

-12.98 

6 

-"S 1 

-0 832 

i j 

-0 866 • 

t ! 

1 1 

-0.894 1 

1 

-0.929 1 

-0.949 

7 

1 

-1.31 i 

1 

1 -1 38 

1 1 

! -1.45 * 

-1.56 * 

-1.66 

« 

+HW« 1 

+0 750 

+0 868 

+ 1.00 j 

+ 1 25 1 

+ 1.50 

0 

+ HWn 1 

+2.25 

+ 2 60 j 

+3 00 

+3.75 

+4.50 

10 

+ Wn 1 

+3.00 

+3.40 1 

+4.00 1 

+5 00 1 

+6.00 

11 1 

+HWn ' 

+6.75 

+7,79 

+9.00 1 

+ 11.25 1 

+ 13.60 

12 

+ 2irn ! 

+ 6.00 

+ 6 92 

+8 00 1 

+ 10,00 1 

+ 12,00 

13 j 

+HWn j 

1 

+3.76 

+4.34 1 

+5.00 1 

+ 6 25 j 

1 

+ 7.50 


+ terwion 


comprowion 
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Tabub 4.—SnuDsa CoBmouurrs —Fim Tbttss Wira VxBnctAts 


Member 

General 

formula 

--——, 

Value of n 

3 

« - 33® - 41' 

2V3 
fl - 30® 

4 

fl « 26® - 34' 

6 

fl « 21® - 48' 

6 

fl - 18® - 26' 

1 

-7iWN 

-6.31 

-7.00 

-7.83 

-9.42 

-11.07 

2 

-W 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

3 

-2W 

-2.00 

-2.00 

-2.00 

-2.00 

-2.00 

4 


-fl 25 

+ 1.32 

+ 1.41 

+ 1.60 

+ 1.80 

5 

+ 1 

+0.760 

+0.868 

+ 1 00 

+ 1.25 

+ 1.60 

6 

-hHWM j 

+2.60 j 

+2.64 1 +2.82 

+3.20 

+3.60 

7 


+3.76 

+3 96 

+4 23 1 +4.80 

1 +6.40 

8 

j +7iTFn 

+6.26 

+6.07 

+ 7.00 

+ 8.75 

+ 10.60 

9 

’^HWn 

+4.60 

+5.20 1 +6.00 

+7 SO 

+9.00 

10 

+ Tfn 

+3.00 

+3.46 1 +4 00 

+5.00 

+0.00 

1 




+ «• teuton 


compression 
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Table 5.—Stbess CoEPriciBNTS—F an Trxtss 





Member 

General 

formula 

\alue of n 

3 

^ - H* ~ 41 

2v/ 3 
d « 30® 

4 

- 2b® - 34 

5 

^ « 21“ - 48' 

6 

^ « 18® - 26 

1 


-4 51 

- 1 00 

- > 59 

-() 73 

-7 91 

2 

- lb) 

-3 54 

-4 00 

-4 5> 

-o 59 

-6 64 

d 

W 1 

- 4S) ' 40 

-4 00 

-4 70 

-5 99 

-7 27 

4 


-0 9J0 

1 

~1 00 

T 

OC 

O 

1 

-1 34 

5 

+1 50 1 +1 73 

+2 00 

4-2 50 

4-3 00 

6 

+>iWn 

+3 75 

+4 33 


mamm 

7 

^HWn 

+2 25 1 +2 60 1 -1-3 00 

4-3 75 

4-4 50 


+ ■■ tension 


compression 
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Table 6.—Stress Coefficients—Compound Fan Truss 



YreiY 

K_ <’ Spaa 


Member 

General 

formula 


Value of n 

3 

d = 33* - 41' 

2y/d 
e » 30* 

4 

® - 26* - 34' 

5 

^ « 21* - 48' 

6 

(? » 18* - 26' 

1 


-9.92 

-11.00 

-12.30 

-14.81 

-17.39 

2 

->fj]7(31Ar« - 16) 

-8.95 

-10 00 

-11.25 

-13.66 

-16.13 

3 

W 

-Hj;^(33iV» - 48) 

-8.81 

-10 00 1 -11.40 

1 

-14.07 

-16.70 

* |-M«^(33Ar« _ 72) 

( 

-8.25 

-9 50 

-10.96 

-13.70 

-16.44 

5 

IT 

-Ka^-(31Ar« - 88) 

-7.28 

-8 50 

-9.91 

-12.55 

-15.18 

6 

- 120) 

-7.14 

-8.50 

-10.06 

-12.95 

-15.93 

7 

+ 30)^^ 

-0.930 

-1.00 

-1.08 

-1.21 

-1.34 

8 

Wn 

-2.50 

-2.60 

-2.68 

-2.79 

-2.85 

9 

AHWn 

+ 1.50 

+ 1.73 

+2.00 

+2.50 

+3.00 

10 

+ HWn 

+2 25 

+2.60 

+3.00 

+3.75 

+4.50 

11 

A-HWn 

+ 3 75 

+4.33 

+ 5 00 

+6 25 

+7.50 

12 

A-^HWn 

+8.25 

+9.53 

+ 11.00 

1 +13.75 

+ 16.50 

13 

A-HWn 

+6.75 

+7.79 

+9.00 

+ 11.25 

+ 13.50 

14 

+ HWn 

+4.50 

+ 5.20 

+ 0 00 

+7.50 

+9.00 


+ tension 


«• oompression 





























484 


HANDBOOK OF HVILDtNO CONSTRUCTION 


[S«c. S-141 


Tabus 7.—Strbss GoarFicuiNTs—^P katt Tbuss —i Panxib 



+ "■ tenflion compression 

For loads on lower ohord, see Art. 1406 



























S«c. 9-141] 


STRUCTURAL DATA 


48S 


TABtB 8 .—Stbbsb CoBrncusKTs—P ratt Tbcbb—6 Panxu 

H-(^ 


Member 

General 

formula 

Value of n | 

1 

CO 

^ CO 

1 

2 Vs 
e - 30" 

1 

1 

5 

- 21" - 48' 

6 

5 - 18" - 26' 

1 

-y4,WN 

' 

-4.51 

-5.00 

-6.69 

-6.73 

-7,91 

2 

-WN 

-3.61 

-4 00 

-4.47 

-5.39 

-6.32 

3 

-w 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

n 

-«lr 

-1.60 

-1.60 

-1 60 

-1.50 

-1,60 

B 

+E(nt + 16)^ 

+ 1 25 

+ 1.32 

+ 1.41 

+ 1.60 

i 

+ 1.80 

6 

+r(n« + 36)’^ 

+ 1.68 

+ 1.73 

+ 1.80 

+ 1.96 j 

+2.12 

7 


+3.76 

+4 33 

+6.00 

+6 25 

+7.60 

8 

+ Wn 

+3.00 

+3 46 

+4.00 1 

+ 6.00 

+6.00 

9 


+2.26 

+2 60 

1 +3.00 

1 

+3.76 

+4.50 

10 

0 

0 

0 

1 

0 1 

0 : 

0 


+ ** tensiou — « compression 

For loads on lower chord see Art. 1406 
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Tablb 9.—Stress Cobfpicibnts—Pratt Tress—8 Panels 



-t-saan 


Member 

General 

formula 

Value of n 

3 

« « 33* ~ 41' 

2\/z 

0 - 30“ 

4 

0 « 26“ - 34' 

5 

« 21“ - 48' 

6 

^ - 18“ - 26' 

1 

-HWN 

-6.31 

-7.00 

-7 83 

-9 42 

-11.07 

mm 

WN 

-5 41 

-6.00 

-6 71 

-8 08 

-9.49 

■ 

WN 

-4 61 

-5.00 

-5 59 

-6 73 

-7 91 

4 


-1.00 

-1 00 

-1 00 

- 1.00 

-1 00 

5 

-HW 

-1.50 

-1.50 

-1 50 

-1.50 

-1 50 

6 

-2W 

-2 00 

-2 00 

-2.00 

-2 00 

-2 00 

7 

+ 16)>^ 

+ 1 25 

+ 1.32 

+ 1 41 

+ 1 CO 

+ 1.80 

8 

+ «IF(nS + 36)H 

+ 1.08 

+ 1.73 

1 +1 80 

+ 1 95 

+2.12 

9 

+ >iTf(na + 64))^ 

+2.14 

+2.18 

+2.24 

+ 2.36 

+ 2.50 

10 


+5 25 

+6 06 

+ 7 00 

+8.75 

+ 10 60 

n 

-i-HWn 1 

+4 60 

+5.20 1 

+6.00 

+7.50 

+9 00 

12 

+ ^iWn 

+3 75 

+4 33 

+5 00 

+6.25 

+7.60 

13 

+ Wn 

+3.00 

+3.46 

+4 00 

+5.00 

+6.00 

14 

0 

0 

0 

0 

0 

0 


+ "• tenaion ~ •» compreesion 

For loads on lower chord see Art. 140b 
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STRUCTURAL DATA 


487 . 


Table 10. —Stbess CosmaENTs—P batt Tbitss— 10 PAmcLB 


Member 

General 

formula 

Value of n 

3 

5 - 33“ - 41' 

2\/3 

0 » 30® 

4 

B =26“- 34' 

5 

= 21“ - 48' 

6 

0 = 18“ - 26' 

1 

-y4.WN 

-8.11 

-9.00 

-10.06 

-12.12 

-14.23 

2 

-2WN 

-7.21 

-8.00 

- 8.94 

-10.77 

-12.65 

3 

-HWN 

-6.31 

-7 00 

- 7.83 

- 9.42 

-11.07 

4 

-H WN 

-5.41 

-6.00 1 - 6 71 

- 8 08 

- 9.49 

5 

-W 

-1.00 

-1 00 1 - 1 00 

- 1 00 

- 1.00 

6 


-1.50 

-1 50 1 - 1.50 1 - 1.50 

- 1 50 

7 

-2ir 

-2.00 

-2 00 i - 2 00 

- 2 00 

- 2 00 

8 

-HW 

-2 50 

-2.50 

- 2 50 

- 2 50 

- 2.50 

9 

+ . (n« + 1G)H 

4 

+ 1.25 

+ 1.32 

+ 1.41 

+ 1.60 

+ 1.80 

10 

+ ^(n» + 36)H 

+ 1.68 

+ 1.73 

+ 1.80 

+ 1.95 

1 +2.12 

11 

+-J(n« + 64)H 

+2.14 

+2.18 

+ 2.24 

+ 2.36 

+ 2.50 

12 

+-J (n* + 100)H 

+2.61 

+2.65 

+ 2.69 

+2.80 

+ 2.92 

13 

■^HWn 

+6.75 

+7.79 

+ 9 00 

+ 11.25 

+ 13.50 

14 

I +2TFn 

+6.00 

+6 93 

+ 8.00 

+ 10.00 

+ 12 00 

15 

J Wn 

+5.25 

+6 06 

+ 7.00 

+ 8.75 

+ 10.50 

16 

-^HWn 

+4.50 

+5.20 

+ 6.00 

+ 7.50 

+ 9.00 

17 

+HWn 

+3.75 

+4.33 

+ 5.00 

+ 6.25 

+ 7.50 

18 

0 

0 

0 

0 

0 

0 


+ «« teneion — • compression 

For loads on lower chord see Art. 1406 



II 
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TaBLK 11.—StBSBS CoBFFlCZEKTS— HOWJS TrUBS—1 PaNBZiS 



General 

1 Value of n 

1 Member 

formula 

i 

3 

- 33* - 41' 

i 

2V3 

4 « 30* 

' 

1 

£ 

5 

- 21* - 48^ 

6 

4 - 18* - 26' 

1 

1 1 

-HWN 1 

-2.70 

1 -3.00 

-3.35 

i 

1 -4.04 

-4.74 

2 j 

-HWN 1 

-1 80 

-2.00 

-2 24 

1 -2 69 

-3.16 


-HWN 


0 


4-3Tr 


-hHWn 


900 

0 


+3.0 


+2 26 


— oomprenioa 

Fw Io»ds on lower chord, eee Art. 1406 


4 tension 











Bwi. a-Ul] STRUCTURAL DATA 

TaBLB 12. —STBXflS CoEFFiaBNTS—HOWB TrVSS— 6 PAKEliS 



-WN 


-^HWN 


-KWN 


-2.70 I -3.00 


-0.900 ! -1.00 


5 

^ 1Q)H 

-1.25 

-1.32 

-1.41 

-1.60 

-1.80 

6 

V 

0 0 1 

1 

0 

0 

0 

0 

7 

1 

+0.500 

+0.500 

+0.500 

+0.500 1 

+0.500 

8 

+2W 1 

+2.00 

+2.00 

+ 2.00 

+2.00 

+2.00 

9 

-\-HWn 

+3.75 

+4 33 

+ 6.00 

+6.25 

+7.50 

10 

+ Vn 1 

+3.00 

+3.46 

+4.00 

+5.00 

j +6.00 


+ teiwion 


— — compression 

For loads on lower chord see Art. 1406 
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Tabub 13.—Stbkbb CoBrriciENTB—H owe Tbpbs—8 Panels 



i 

T- 

J 






j Abbot? ^ 

I 


Member 

General 

formula 

Value of n 

1 

I , 

1 3 

- 33* - 41' 

2V3 
e - 30* 

4 

a - 26* - 34' 

5 

a - 21“ - 48' 

6 

a - 18* - 26' 

1 


-6 31 

-7.00 

-7.83 

-9 42 

-11.07 

1 

2 

-HWN 

-6 41 

-6.00 1 -6 71 

08 

-9 49 

3 

-HWN 

-4 .51 

-5 00 

-5 59 

-6.73 

-7.91 

4 

-WN 

-3 61 

-4 00 

-4.47 

-5.39 

-6.32 

5 


~0 900 

-1 00 

-1.12 

-1.35 

-1.58 

6 

+ 16)H 

! -1.26 

-1.32 

-1.41 

-1.60 

-1 80 

iBi 


-1.68 

-1.73 

-1.80 

-1.95 

-2.12 

8 

0 

0 

0 

0 

0 

i 0 

0 

+HW 

+0.500 

+0 500 

+0 500 

+ 0,500 

+ 0 500 

10 


+ 1.00 

+ 1.00 

+ 1.00 

+ 1 00 

+ 1.00 

11 

+3ir . 

+3,00 

+3.00 

+3.00 

+3.00 ! 

+3.00 

12 

+ KJFn 

+5.25 

+6.06 

+ 7.00 

+8.75 

+ 10.50 

13 

+HWn 

+4.50 

+5.20 

+6.00 

+7.50 

+9.00 

1 14 


+3.75 

+4.33 

+5.00 

+6.25 

+ 7.50 


+ » tenaioti — compreesion 

For loads on lower chord see Art. 1406 
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STRUCTURAL DATA 

TAfiLB 14 .—StKBSS CoEmCIENTB—HoWS TbusS— 10 PanXI/S 


481 



, _ ^-apan 


Member 

General 

formula 

j Value of n 

1 

3 

S - 33" - 41' 

2y/3 

0 - 30" 

4 

^ - 26" - 34' 

5 

- 21" - 48' 

6 

^ - 18" - 26' 

1 

-%WN 

-8.11 

-9 00 

-10.06 

-12.12 

-14.23 

2 

-2WN 

-7.21 

-8.00 

-8.94 

-10.77 

-12.65 

B 

-HWN 

-6.31 

-7.00 

-7.H3 

-9.42 

-11.07 

B 

WN 

-5.41 

-6 00 

-6.71 

-8.08 

-9.49 

6 

-HWN 

-4.51 

-5.00 

-5.59 

-6.73 

^-7.91 

6 

-HWN 

-0.900 

-1 00 

-J.12 

• -1.35 

-1.68 

BB 


-1.25 

-1.32 

-1.41 

-1.60 

-1.80 

8 

-HW<n3 -f. 3G)H 

-1.68 

-1 73 

-1.80 

-1 95 

-2.12 

9 

-K(n* + 64)H 

-2.14 

-2 18 

-2.24 

-2.36 

-2.50 

10 

0 

0 

0 

0 

0 

0 

11 

+«r 

+0.500 

+0.500 

+0.600 

+0.500 

+0.500 

12 

+ w 

+ 1.00 

+ 1.00 

+ 1.00 

+ 1.00 

+ 1.00 

13 

+ hW 

+ 1 50 

+ 1 50 

+ 1.50 

+ 1.50 

+ 1.50 

14 

-h4W 

+4,00 

+4.00 

+4.00 

+4.00 

+4.00 

15 

■i-HWn 

+6.75 

+ 7.79 

+9.00 

+ 11.26 

+ 13.60 

16 

+ 2Wn 

+6.00 

+ 6.93 

+8.00 

+ 10.00 

+ 12.00 

17 

H-HWn 

+6.25 

+6.06 

+7.00 

+8.75 

+ 10.50 

18 

•i-HWn 

+4.60 

+ 5.20 

+6.00 

+7.50 

+9.00 


— *■ compression 

For loAds on lower chord see Art. 1406 


4- M tension 
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Table 15.—S-tbess Coefficients—Cambered Fink Truss 





Mem* 

ber 

General 

formula 

k 

Value of n 

3 

$ - 33®-4r 

2\/3 
- 30® 

4 

e - 26®-34' 

5 

e - 21®-48' 

li 

1 

(Af»-8« 

'Ho 

1 

-3 17 

-3.66 

-4 03 -4.90 

-5 81 

I 

H 

-3.32 

-3.75 

-4 26 -5.20 

-6,17 

\H 

-3.64 

-4.13 

-4.70 ' -5.78 j - 6.89 


Mo 

-2.62 1 -3.06 

-3.49 -4.64 1 -5.51 

N#- 

»N. 

-2.77 

-3 25 

-3.80 

-4.83 

-6.86 

H 

-3.09 

-3.63 

-4.25 

-5.41 

-6.57 

.. Wn 

.J 

1 

-0.832 

-0.866 

-0.894 

-0.929 

-0.940 

1 JVa-2t)(l-*r) 

Ho 

+ 1.08 

+ 1.26 

+ 1 48 

+ 1.87 

+2.26 

H 

+ 1.20 

+ 1 40 j J-1.64 1 +2.08 

+2.62 



H 

+ 1 43 

+ 1.69 

+ 1.98 

+2.52 

+3.06 

S 


Ho 

+2.65 

+3 09 

+3.62 

+4 57 

+ 6.52 

H 

+2.79 

+3.27 

+3.83 

+4.85 

+5.86 

H 

+ 3.07 

+3.62 

+4.24 

+ 5.40 

+ 6.66 

6 

1 ^ Wn 

Ho 

+ 1.67 

+ 1.93 

+2.22 

+ 2.78 

+ 3.33 

H 

+ 1.72 

+ 1.98 

+ 2.29 

+2 86 

+ 3.34 

H 

+ 1.80 

+2.08 

+2.40 ' +3.00 

1 

+ 3.60 


4* « tem^on 


eompnmtion 






8m. S-141J 


STBVCTVRAL DATA 


493 
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Table 16.— {Continued) 


6 



-1.66 

-1.73 

-1.79 

-1.86 

-1.90 

7 


Ho 

+0.884 

+ 1.030 

+ 1.20 

+ 1.62 

+ 1.86 

H 

+0.933 

+ 1.09 

+ 1.29 

+1.62 

+ 1.96 

H 

+ 1.02 

+ 1.21 

+ 1.41 

+ 1,80 

+2.19 

8 

oa + k) 

N(l-2k){l-k) 

Ho 

+2.16 

+2.62 

+2.95 

+3.73 

+4.61 

H 

+2.40 

+2.80 

+3.29 

+ 4.16 

+6.04 

H 

+2.87 

+ 3 37 

+3.96 

+ 6.04 

+6.12 

9 

IMTTn ®<3 + *) 

Nil-2k)a-k) 

Ho 

+3.04 

+3 67 

+ 4.16 

+ 5 24 

+ 6.34 


+3.32 

+3.90 

+4.56 

+ 5.76 

+ 7.00 

X 

+3.88 

+4 58 

+ 5.37 

+ 6.85 

+ 8.30 

10 


Ho 

+6.18 

1 +7.22 

+ 8 45 

+ 10 68 

+ 12 91 

H 

+6.54 

+7.64 

+8.95 

+ 11.31 

+ 13.71 

H 

+7.17 

+8.44 

+9 90 

+ 12.61 

+ 15 71 

11 

+«’^Ara-2*) 

Ho 

+6.30 

+ 6.20 

+7.25 

+9.16 

+ 11.09 

H 

+5.61 

+ 6.65 

+7.68 

+9.70 

+ 11.76 

H 

+6.15 

+7.23 

+ 8.48 

+ 10.81 

+ 13.49 

12 


Ho 

+3.34 

+3.85 

+4.44 

+ 5.65 

+ 6.66 


a 


+3.96 

+4.67 

+ 5.72 

+6.86 

1 




1 


+3.60 


+4.16 


+4.80 


+6.00 


+7.20 

















Sec. 3-141} 


STRUCTURAL DATA 


49f> 

Table 17. — Snusss Oobitioients—Cambebso Fan TBmw 



■/•spon 


Membe 

General 

formula 

ib 

Value of n 

3 

« 33« - 41 

21/3 
' - 30“ 

4 

$ -26“ - 34' 

5 

- 21“ - 48' 

6 

e « 18“ -26' 

1 

JV(i-2;fc) 

Mo 

-5.28 

-5.94 

-6.71 

-8.18 

-9.70 

H 

-5.56 

-6.25 

-7.09 

-8.67 

-10.28 


-6.06 

-6.88 

-7.83 

-9.64 1 -11.46 

2 

+ -2A:)] 

Na-2k) 

Mo 

-4.20 

-4.81 

-5.52 

-6.83 

-8.19 

M 

-4.44 

-5.07 

-5.84 

-7.26 

-8.70 

M 

-4.89 

-5.63 

-6.48 

-8.10 

-9.70 

3 

m-2k) 

Ho 

-4.17 

-4.94 

-5.81 

-7 45 

-9.07 

H 

-4.45 

-5 25 

-6.20 

-7.92 

-9.65 

H 

-4.96 

-6.88 

-6.93 

-8.89 

-10.81 

j 

4 

^.Wn l(»*+36(l-2*)all 
N {\-2k) 1 

Ho 

-0.981 

-1.07 

-1.17 

-1.34 

-1.52 

H 

-1.00 

-1.09 1 

>1.20 

-1.39 

-1.68 

H 1 

-1.04 

-1.15 i 

-1.26 

-1.49 

-1.71 

6 

1 

<2 + *) 

;Nr (i-2ife)a-jfe) 

Ho 

+ 2 06 

+2.41 

+2.80 

+3.56 

+4.31 

H 

+ 2.26 

+2.66 

+3.10 

+3.93 

+4.76 

H 

+2.66 

+3.13 

+3.67 

+4.69 

+5.70 

0 


Ho 

+4.42 

+ 5.16 

+ 6.03 

+ 7.62 

+9.22 

H 

+4.67 

+ 5.45 

+ 6.39 

+8.08 

+9.80 

H 

+6.12 

+6.03 


■H 

wmm 

7 


Ho 

+2.60 

+2.89 

+3.34 

+4.17 

+5.00 

H 

+2.67 

+2.97 

+3.43 

+4.28 

+5.16 


H 

+a.7o 

+3.12 


+4.60 

+5.40 


m tension 


compression 
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Tisut 18 .—Stbbss CoumciBiras—C ompovmd Fins Tsusa 



Member 

General 

formula 

Value of n 

3 

» - 33* - 41' 

2Va 

« - 30* 

4 

9 i. 26** - 34' 

5 

8 » 21* - 48' 

6 

6 - 18* - 26' 

1 

(7»» - 4) 

n* 

1 

-1.479 

-1.665 

-1 889 

-2.305 

-2.720 

2 

(3«* - 4) 
n* 

-0.576 

-0.667 

-0.769 

-0.957 

-1 140 

3 

n» 

-0.326 

-0.333 

-0.349 

-0 391 

-0.438 

4 

-HP— 1 -0.602 

" 1 

m 

-0.559 

-0.539 

-0.527 

5 

+ HP— 

n 

+1.083 



+ 1.450 

+ 1.667 

6 

+HP— 

n 

+0.542 

+0.580 

+0.625 

+0 725 

+0.833 

7 

n 

+ 1.229 

+1.442 

+1.688 

+2.139 

+2.585 

8 

n 

+0.813 

+0.865 

+0.936 

+ 1.088 

+ 1.25 

9 

n 

+0.271 

+0.288 

+0.312 

+0.362 

1 

+0.417 

Bi 

^^(7n.-4) 

n* 

0.819 

0.833 

0.844 

0.855 

0.861 

Rt 



m 


0.145 

0.13b 

r 

n* n 

0.18U 

0.548A 

^1 
o d 

0.1561 

0.626* 

d d 

O.lStH 

0.838ft 


+ tcntioB — — tomp n miui 

OUm it Mr» for dotted memiMn. 
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STRUCTURAL DATA 


m 


Tabui 19.—SnuDBS CoxFnciBNTs—OoMPOoND Fink Tiiuss 



Meipber 

General 

formula 

Value of n 

8 

- 83* - 41' 

2\/3 
- 30* 

4 

6 - 26* - 34' 

5 

» - 21* - 48' 

6 

a - 18* - 20' 

1 

n* 

-1.152 

-1 335 

-1.538 

-1.915 

-2 228 

2 


-0.652 

-0 667 

-0.699 

■H 

-0 877 

3 


-fl 083 

+1.160 

+ 1 250 

+1.450 

+ 1 667 

4 

n 

+0 958 



+ 1.775 

+2 167 

5 1 +HP~ 

1 " 

4-0 542 

+0 580 

+0 625 

+0 725 

+0.833 

Ri 

fl* 

0 639 

0.667 

0.688 

0.710 

0.723 

Ri 


0 361 

0 333 

0.312 


0.277 

r 


1 0 361/ 

1 086A 

0 333/ 

1 1565 

0 812/ 

1 255 

0.2901 

1.455 

0 277/ 

1 6675 

X 




mm 




4* «■ tension ~ ** oomprewion. 

Stmt is sero for dotted members. 
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Table 20.—Stress Coefficients—Oompound Fink Truss 



Member 

General formula 

Value of 31 

3 

$ « 33*- 41' 

2y/3 

9 - 30* 

4 

- 26** - 34' 

5 

» 21* - 48' 

6. 

6-.18--26' 

1 

-HtP-AHn* - 4) 
n* 

-1.027 

-1.166 

-1.329 

-1.630 

- 1.930 

2 

n^N 

- 1.37 

-1.667 

-2.00 

-2.60 

- 3.20 

3 

-Mei*— (3»» + 4) 
nt 

mn^^Qiiii 

-0.832 

-0.910 

-1 065 

-1.228 

4 



-0 289 

-0 336 

-0 390 

-0.422 

5 

n 

+0.417 

+0 676 

+0 760 

+ 1 050 

+ 1.33 

6 

n 

+0.208 

+0 288 

+0 376 

+0.625 

+0.667 

7 

^.^p(3». + 4) 

+1.291 

+1.44 

+1.625 

+ 1.976 

+2.333 

8 

+H.i' 

+0.856 



+1.613 

+1.833 

9 

+M.i> 

31 

jjgg 


a 

+0 988 

+1.167 

Bi 

n» 

0.670 

0.583 

0 693 

0.606 

0.611 

Rt * 

^y3«. + 4, 

0.430 

0.417 

0 407 

0.396 

0.389 

r 

,^,(3n« + 4) 

! n* 

0.43CK 

0 4171 

0 407/ 

0.396/ 

0.389/ 


+ m tension ~ ■■ compression 

Stress is sero for dotted members. 
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TiisuD 21.— Stbbss CoBmciiiNTS— Coupottnd Fins Tbxisb 



Table 22.—Stress Cobpficibnts—Compound Fink Truss 



Member 

General formula 

Value of n 

3 

0 - 33* - 41' 

aVs 

» - 30* 

4 

0 - 26- - 34' 

5 

0 « 21“ - 48' 

6 

8 - 18“ - 26' 

1 


-1.805 

-2.00 

-2 235 

-2.695 

-3.163 

2 

-HPN 

-0 903 

-1.00 

-1.118 

-1.347 

-1.582 

3 

n 

-0.602 

-0.578 

-0.558 

-0.538 

-0.527 

4 

N* 

n 

+ 1.083 

+ 1.152 

+ 1.25 

+ 1.45 

+ 1.667 

5 

+HP^‘ 

n 

1 

+0.542 

+0.576 

+0.625 

+0.725 

+0.833 

6 

•hHPn 

+ 1.^0^ 

+ 1.732 

+2.00 

+ 2.50 

+ 3.00 

mm 





+ 1.45 

+ 1.667 

8 

+HP^ 

n 

+0.842 

+0.>78 


+0.725 

+0.833 

.^ 
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Tabus 23.—Stbbss Cobfficibnts—Coupoumo Fink Tbbbs 



Member 

General formula 

Value of n 

3 

« - 83* - 41' 

2v/3 
$ - 30* 

4 

26* - 34' 

5 

- 21* - 48' 

6 

- 18* ~ 26' 

1 

-HPN 

-1 805 

-2 00 

-2 235 

-2 695 

-3 163 

2 

+KP^* 

n 

+ 1 083 

+ 1 152 

+ 1 25 

+ 1 45 

-fl 667 

1 +>i|Pn 

+ 1 50 

+ 1 732 

+2 00 

-1-2 50 

+ 3 00 

1 N* 

4 +>4p-- 

1 " 

1 

+ 1 083 

+ 1 152 

i 1 

+ 1 25 

1 

1 

-fl 45 

+ 1 667 


Hh ** tension — « compression 

Stress is sero for <iotte<i members 
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Twlb 24.—Stbbss Coefficients—Cambbbeo Goupoond Fins Stbxss 



General formula 


3 2\/3 

« - 38* -41' • - 30* 


Ho -2.12 
H -2.22 

H -2.42 



Value of rt 


26 * - 34 ' e 


5 

« 21 * - 48 ' 


» - 18* - 26' 


n<l-*) 



+ 1.20 


+1.24 


.+1.32 


+0.666 


+0.610 


+0.670 +0.620 +0.630 


+0.685 


Him 


+0.635 +0.700 


» oompraMioa. 


+ 0 . 


+0.830 


-1.38 

-1.57 

-1.93 

-2.29 

-0.549 

-0.537 

-0.523 

-0.517 

-0.542 

-0.532 

-0.519 

-0.515 

-0.530 

-0.522 

-0.514 

-0.510 

+ 1.31 

+ 1.45 

+ 1.72 

+2.01 

+ 1.37 

+ 1.52 

+ 1.81 

+2.13 

+ 1.48 

+ 1.65 

+ 1.99 

+2.35 

+0.729 

+0.806 

+0.956 

+1.11 

+0.782 

+0.867 

+ 1.04 1 

+ 1.22 

+0.889 

+0.990 

+ 1.19 

+ 1.41 

+2.06 

+2.42 

+ 3.04 

+3.70 

+2.18 

+2.56 

+3.24 

+3.92 

+2 40 

+2.84 

+3.62 

+4.38 

+ 1.31 

+ 1.45 

+ 1.72 

+2.01 

+1.37 

+ 1.52 

+ 1.81 

+2.13 

+1.48 

+ 1.65 

+ 1.99 

+2.86 



+0.910 


+0.930 


+0.966 
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Tiblb 25. —^Stress OoEFFiacNTs—C ambered Compound Fink TEtrsa 








Value o 

f n 


ber 

formula 

k 

3 

^ - 33® - 41' 

2\/3 
d -30® 

4 

e » 26®-34 

5 

tf-21®-48' 

6 

- 18® - 26 


A. A n 

Ho 

-2 12 

-2 38 

-2 68 

-3 28 

-3 88 

1 

1 y p 1^* F ^ \ 

iV(l-2/fc) 

H 

-2 22 

-2 <>0 

-2 84 

-3 46 

-4 12 



H 

-2 42 

-2 75 

-3 13 

-3 85 

-4 68 



Ho 

+ 1 20 

4-1 31 

4-1 45 

4-1 72 

■f 2 01 

2 

D [n> + 4(1-2*)] 
+ 0^2*)- 

H 

+ 1 24 

+ 1 37 

4-1 62 

+ 1 81 

+ 2 13 



H 

+ 1 32 

4-1 48 

4-1 65 

-fl 99 

-f2 35 


1 

Ho 

+ 1 77 

4-2 06 

+2 42 

+ 3 04 

+3 70 

3 

+HP 1 

AT (1-2*) 1 

H 

+ 1 86 

4-2 18 

+ 2 56 

+ 3 24 

+ 3 92 


1 

H 

+2 04 

4-2 40 

4-2 84 

+3 62 

4-4 38 



Ho 

4-1 13 

4-1 22 

+ 1 34 

-f 1 57 

-hi 82 

4 

• n(l —ifc) 

H 

4-1 14 

+ 1 24 1 

-f 1 36 1 

-f 1 60 

+ 1 86 



H 

4-1 17 

+ 1 27 1 

-rl 40 

+ 1 66 

4-1 93 


•f ■■ tension — -• compression 

Stress IS sero for dotted members 











Sec. 8-1411 STRUCTURAL DATA 

Table 26.— Stbess CosrFiciENTs—C ambebed Compound Fink Tbusb 
iJ-i 

I I \ Asw 

L_ ^•9Pan _^ 



+ - tension 

Stress is sero for dotted members 


compression 
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Tablb 27 .—Wuto Strbss CoamciiiNTB—F ink Tbubb 



Case 

1 Member 

General 



Value of n 



formula 

i ^ 

1 « - 33- - 41 

H 

* 

1 * 

- 26- - 34 

5 

' - 21- - 48' 

6 

- 18- - 26' 


1 

n 

-1 17 

] -1 45 

-1 75 

-2.30 

-2 83 

1 

•s 

2 

1 

n 

-0 100 

1 1 

' -0 0833. -0 0700 

1 1 

-0 054 

-0 0438 

\m 


-W 

- 1 00 

1 -1 00 

* -1 00 

-1 00 

-1 00 

H 



40 900 

41 00 

41 12 

1 +1 35 

41 58 

t-T 

1 

Ki 

nN 

1 06 

1 1 15 

1 

1 2) 

1 

1 32 

1 37 


Hi 

1 « 

0 600 

1 0 578 

0 559 

! 

1 0 539 

1 0 526 


5 

+ ^iWN 

41 80 

1 42 00 

f 42 24 

42 69 

43 16 


(> 

■¥HWN 

40 900 

1 41 00 

1 41 12 

1 41 35 

41 68 

*- 

Ri 

N 

1 11 

1 

1 00 

1 0 895 

1 

0 742 

0 633 


Ri 

0 

0 

0 

1 0 

1 0 

0 


o 


40 694 

41 00 

^ 41 34 

1 

41 95 

42 53 

s 

0 


-0 208 

0 

40 224 

40 604 

40 960 


Rt 

1 0 

® ! 

0 

0 

0 

0 


R< 

U"' 1 

1 1 10 

1 00 

0 895 

' 0 742 

0 633 


5 


41 25 

41 50 

41 78 

1 

+2 32 j 

42 85 

>-4 

« 1 

1 

N 

40 347 

40 500 

40 670 

40 975 

41 265 

M 

1 

1 

2^ 

N 

0 555 

0 500 

0 447 

0 371 

I 

0 316 


Ri 

2F 

N 

0 555 

0 500 

0 447 

0 371 

0 316 


1 ^ 

n» 

41 41 

41 07 

41 96 

42 46 

42 98 

1 

\ 

1 » 

+Hwif^r--±^ 

a* 

40 502 

40 067 

+0 837 

41.13 

41*41 

m 

1 K$ 

i ) 

,r(3»« - 4) 

‘nir- 

0 708 

0 067 

0 616 

0 626 

0 458 

_L- 

1 .,.. 

n 

0 4oi 

0 338 

0 200 

0 21^ 

0 m 




eptnvtmAon 
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Tabu; 28.— Wind Srsaas CommciBNTs— Compound Fink Trum 





General 

formula 



Value of n 



Case 

Member 

. 

d » 33* - 4r 

2 v^d 
e - lo-* 

* 

» - 2B* - 34' 

5 

« » 21“ - 48' 

6 

-18“ - 26' 


1 

n 

- i 08 

-3 7> 

-4 <>0 

-5 83 

-7 17 


2 

N* 

n 

-2 17 

-2 n 

1 

~2 50 

“2 90 

-3 33 


3 


-1 00 

~1 00 

-1 00 

-1 00 

-1 00 

■s 

4 

I -2W 

1 -2 00 

-2 00 

-2 00 

-2 00 

~2 00 

eS 

5 

+ HWN 

1 +0 902 

+ 1 0 

+ 1 12 i 

! 

+ 1 35 

+ 1 '18 

1-^ 

M 

6 

^HWN 

1 +1 80 

+ 2 0 

+ 2 24 j 

+2 70 

+3 16 


7 

1 -^HWN 

+ 2 71 

-t 3 0 

+ 3 33 1 

+4 05 

+4 24 


Rx 

1 „(3n» - 4) 
l"^ Nn 

2 12 

1 

2 n 

2 46 j 

2 64 

2 74 


Rt 

1 " 

1 

1 20 

1 1> 

1 12 1 

1 08 

1 05 


+ «> tensiou * compression 

Stress IS sero for dotted members 
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Table 28 (Continued) 
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Tabu) 29.—Wind Stbbbs Coefficients—Howe Tbttss—4 Panels 





General 

formula 

Value of n 

Case 

Member 

3 

- 33® - 41' 

2 Vs 
e - 30® 

4 

- 26® - 34' 

5 

e - 21® - 48' 

6 

« » 18® - 26' 


1 


-1.17 

-1.45 

-1.76 

-2.30 

-2.83 


2 

-HWn 

-0.750 

-0.867 

-1.00 

-1.25 

-1.50 


3 

-MW- 

-1 08 

-1.16 

-1.25 

-1.45 

-1.67 


4 

->iW~ 

\ 

-1 08 

-1.16 

-1.25 

-1.45 

-1.67 

H 

5 


2) 

+ 1.41 

+ 1.67 

+ 1.96 

+2.46 

+2.98 

1 

O 

•6 


4) 

+0 502 

+0.667 

+0.837 

+ 1.13 

+ 1.41 


7 


+0 600 

+ 0.575 

+ 0 559 

i +0.539 

1 

i +0.526 


Ri 


1.28 

1 33 

1.375 

1.42 

1.445 


R^ 


0.720 

0.665 

0.625 

0.580 

0.555 


+ M tension. * compression. 
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Table 30.—Wind Stbbss Cobtficibnts—Howb Tbcsb—6 Panels 





General 

formula 

1 


\'alu( of ;< 



C ase 

Member 

3 

- 33*^ - 4r 

1 

1 2^3 

1 « « 30* 

4 

^ = 26* - 34" 

5 

« 21* - 48' 

6 

^ - 18* - 26' 


1 


-2 12 

-2 00 

-3 12 

-4 07 

-5 00 


2 


-1 71 

-2 02 

-2 38 

-3 03 

-3 67 


3 


-1 29 

-1 44 

-1 63 

-1 98 

. 

-2 34 


4 


-1 61 

-1 74 

-1 88 

-2 18 

-2 60 


5 


-1 08 

-1 16 

-1 25 

-14A 

-1 67 

> 

6 j 

-HW 16)J’» 

-1 50 

i -1 63 1 

-1 68 

-1 71 1 

-1 90 


B 

\ ' 

+ 2 56 

+3 00 1 

+3 49 

+4 38 

+6 28 


« 

+ «ir^(5n»-I2)| 

+ 1 06 

+ 2 00 

+2 37 

+ 3 04 1 

+3 70 


9 

- 4) 

+0 762 

+ 1 00 

+ 1 26 

! 

+ 1 69 

+2 11 


10 


fO 600 

-f0 676 

+0 669 

+0 539 

+0 526 


11 

1 

+ 1 20 

-rl 15 

1 

^ +1.12 

+ 1 08 

1 

+ 1 06 


Hi 


1 92 

2 00 

2 06 

2 13 

2 17 


Rt 


1 08 

1 00 

0 940 

0 807 

j 

0 838 


eompnamon 
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m 


Tabus 31.—Wind STRisas CoBmciBNTH—H owk Tkdss—8 Panbus 






1 

1 


Value of 71 


’ 



General 

1 





Case 

Member 

' formula 

1 

1 

1 







1 3 

2V3 

4 

5 

6 




1 e - 33® - 4r 

1 

0 ^ 30® 

1 

B » 26® - 34' 

« =x 21® - 48' 

# » 18® - 26' 


1 


-3 08 

-3 76 

-4 60 

-5 83 

1 -7.17 

1 


2 

_^(n* - 1) 

» 

-2 67 

-2 89 

-3 76 

- i 80 

1 —5 83 

1 


3 

- H Wn 

-2 26 

1 - 2 60 

-3 00 

-3 75 

1 

1 -4 60 


4 

n 

-1.83 

-2 02 

-2 26 

-2 70 

-3.17 


5 


-2.11 

-2 32 

-2.60 

-2.90 

1 —3.33 


6 

V* 

-1.08 

-1 16 

- 1.26 

-1 4> 

-1.87 

1 


7 

N i 

-JIF''(w=4- 16) 

n 

-l.,50 

-1 63 

-1 68 

-1.73 

1 

-1.90 

L.._. 


8 

-Kir-(n>+36)^‘'' 

n 

-2 02 

-I 97 

-2 01 

-2 11 

-2.24 

1 

Case n 

9 

i 

+ HW~(5n‘~>i) 

j +3 71 

1 

j +4 33 

+ 6 03. 

+ 6 31 

1 

' +7..66 

1 

10 

+ - 2) 

1 »’ 

{ +2 SI 

j +3.33 

1 3 91 

+4 95 

+ 6 98 

1 


11 

^ +«Jr-,<3n« - 8) 

j fl.91 

1 ' 

+2,33 1 

-f 2.79 

+ 3 60 

' +4.40 

1 


12 i 


1 

+ 1.00 

1 1 

+ 1.33 J 

+ 1.68 1 

+ 2 26 

1 +2 82 

1 


,3 I 

1 +«<: 

1 +0 600 

1 1 

i +0.675 1 

i 

'.1 

+0.559 j 

+0.539 

1 

1 +0.626 

t 


1 1 

U j 

+ir^ 

n 

+ 1.20 

+ 1.16 j 

+ 1.12 1 

+ 1 08 

t 

, +1 05 


16 

+Hir~ 

+ 1 80 1 
.1 

+ 1.73 j 

+ 1.68 

"} 1.62 

' +1 58 





m 


2 84 

2.89 

||| 

. 



1 .33 1 

1 

1 26 

1 IG 

l.Il 


4^ m «• oompreMioi^ 
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Tabud 32.—Wnno Stbbss Cobfpicibntb—Howb Truss—10 Fanblb 


Case 

Member 

General 

formula 

Value of n 

3 

- 33* - 41' 

1 

aVS 

I 0 - 30“ 

4 

0 = 26* - 34' 

5 

« = 21* - 48' 

6 

- 18* - 26' 


1 

I 

-4.04 

-4 91 

-5.88 

-7.63 

-9.34 

2 

n 

-3.63 

-4.33 

-5.13 

-6.57 

-8.00 

3 


-3.21 

-3.75 

-4.37 

-5.52 

-6.67 

4 

n 

-2.79 

-3.18 

-3.63 

-4.47 

-5.33 

5 

_^^(Sn.+ 12) 
n 

-2.38 

-2.60 

-2.88 

-3.42 

-4.00 

6 

n 

-2.71 

-2.89 

-3.13 

-3.62 

-4.17 

7 

jV2 

n 

-1.08 

-1.16 

-1.25 

-1.45 

-1.67 

8 

K Mi 

~>iTr---(n,+ 16) 

n 

-1.50 

-1.53 

-1.58 

-1.73 

-1.90 

9 

-Kir^(«’+36)^^ 

n 

-2.02 

-1.97 

-2.01 

-2.11 

-2.24 

10 

-}4t»^(n»+64)’^ 

A 

-2.56 

-2.51 

-2.50 

-2.54 

-2.63 

11 

+ ,(13«*-20) 

fkr 

+ 4.88 

+5.67 

+ 6.56 

+ 8.16 

+9.80 

12 

+x»r-.ain»-20) 

n* 

+ 3.97 

+ 4 67 

+ 5.44 

+ 3.83 

+3.23 

13 



+ 3.67 

+ 4.33 

+ 5.48 

+6.66 

14 

+ H»F^(7n»-20) 
n* 

+ 2.16 

+ 2.67 

+3.21 

+ 4.14 

+5.08 

15 

+ H»r^.<n« - 4) 

+ 1.26 

+ 1.67 

+ 2.09 

+2.80 

+ 3.50 

16 


+0.600 

+0.575 

+0.559 

+0.539 

+0.526 

17 

n 

+ 1.20 

+ 1.15 



+ 1.06 

18 

Tl 

+ 1.80 

+ 1.73 

+ 1.68 

+ 1.62 

+ 1.68 

19 

+aiF^ 

* 

+2.40 

+2.30 

+2.24 


+ 2.10 



3.20 

3.34 

3.44 

3.55 

3.61 

Ml 


[mgi 

1.66 

1.56 

1.45 

1.89 


1 , 



■» oomp»t»io& 
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DETAILED DESIGN OF A WOODEN ROOF TRUSS 

By W. S. Kinnb 

142. Conditions Assumed for the Design.—To illustrate the principles governing the de¬ 
sign of a wooden roof truss, a complete design will be made of a truss of the type shown in Fig. 
144 (p), p. 465, It will be assumed that the truss is supported on masonry walls which are 50 ft. 
apart, and that the trusses are spaced 16 ft apart. The roof covering will be shingles on 
sheathing carried by rafters spaced 16 m. on centers. Purlins placed at the top chord panel 
points carry the roof loads to the truss. Fig. 157 shows the general arrangement of the roof 
and the trusses. 



The pitch of the roof will be taken for, as stated in Art. 123, this is in general the most 
economical pitch. To secure members of reasonable length, the span will be divided into six 
panels, as shown in Fig. 168. All members will be made of wood, except the verticals, which 
will be steel rods. Western Hemlock will be used for all wooden truss members, and also for 
the purlins, rafters, and sheathing. 

The loads to be carried by the truss will be taken in ac- 
cordanoe with the principles stated in the chapter on Hoof 
Trusses—General Design. Snow loads will be taken as 20 lb. 

per sq. ft. of roof surface, and the unit wind pressure will be 
tak^ as 30 lb. per sq. ft. of vertical surface. The unit wind 
pressure is to be reduced by the Duchemin formula in deter¬ 
mining the components normal to the roof suiface. Minimum snow load will be tak^ as 
ime-half of the maadmumy or 10 lb. per aq. ft. of roof, and the minimum wind load will be 
taken as one-third of the maximum. 



Fio. 158. 
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The actual weight oi the roof covering, rafters, and purlins is to be determined, assuming 
that Western Hemlock weighs 3 lb. per foot board measure. In estimating the weight of the 
truss, the formula w « 0.04 I -f 0.000167 1* will be used, where w » weight of trusses per sq. 
ft. of covered area, and I = span length in feet. 

Combinations of loadings for maximum fiber stresses in rafters and purlins, and for maxi¬ 
mum stresses in truss members will be as follows: 

(a) dead load and snow load. 

(b) dead load, minimum snow load, and maximum wind load. 

(c) dead load, maximum snow load, and minimum wind load. 

(d) a minimum load of 40 lb, per sq. ft. of horizontal covered area. The object 
of this last loading condition is to make certain that a fairl> rigid and substantial 
structure is obtained. 


Working stresses for Western Hemlock will be taken as recommended by the American 
Railway Engineering Association. These values are given in Sec. 7, Art. 10. For timber used in 
building construction, the working stresses given in the above mentioned table are as follows: 
extreme fiber stress in tension or cross bending, 1650 lb. per sq. in.; shearing parallel to the 
grain, 240 lb. per sq. in.; longitudinal shear in beams, 160 lb. per sq. in.; compression—bearing 
parallel to the fibers, 1800 lb. per sq. in., bearing perpendicular to the fibers, 330 lb. per sq. in., 
columns under 16 diameters, 1360 lb. per sq. in., columns over 16 diameters in length, 1800 
(1 — 1/60 d) lb. per sq. in., where I « length of column in inches and d » least side or diameter. 
Bearing pressures for washers which cover only a part of the area of the member can be increased 
26%—^that is, to 412.6 lb. per sq. in. for bearing perpendicular to the fibers, and 2260 lb. per 
sq. in. for bearing parallel to the fibers. This increase in fiber stresses is allowable, for experi¬ 
ments have shown that the bearing pressures are indirectly distributed to the area immediately 
surrounding the washer, thus increasing its effective area. The allowable bearing pressure on 
masonry will be taken as 300 lb. per sq. in* 

Where the compression acts at an angle to the member, the working stress is given by the 
empirical formula 

r = y 4* (/> - ^) 

where r a allowable working stress at an angle $ to the axis of the member, as shown in Fig. 
159; and p = bearing on end fibers = 1800 lb. per sq. in.; and q » bearing across the fibers 
« 330 lb. per sq. in. F’or these values the above formula becomes: r = 330 -f* (1800 — 330) 
(^/90)2, or, 

r = 330 + 0.1815 


Where pins or bolts bear on the end fibers of the material, as in the design of the built-up bottom 
chord member given in Art. 146, the allowable bearing values must be modified to fit the con¬ 
ditions shown in Fig. 169. The allowable bearing will be taken as ^ oT the usual end bearing 
value, or as 1200 lb. per sq. in* This working stress is considered as applied 
to the diametrical area of the pin or bolt. 

In accordance with the discussion given in the chapter on Eoof 
Trusses—General Design, the working stresses for wind will be increased 60% 
over the values given above. This increase in working stresses can be ac^ 
counted for by reducing the unit wind pressure so that the same working 
stresses can be used for all loadings. Since the working stresses for wind are 
% of those for other loadings, if % of the unit wind pressures be usedy 
the same woriring stresses can be used for all loadings. The unit wind 
pressure on a verrical surface will then be taken as ^ X 30 20 Ibw per sq. ft. From the 

Duchemin formula, the normal pressure on a ^ pitch roof is 14.9 lb. per sq. ft. e4 loof surface; 

In chcKHsing the sections of timber with which form the m^bm of the truss, it must be 
remembered that the actual size of a piece of timber should be used in the cakulaimtis. The 
dimensions usually given for timbers are the distances from center to center of saw outs* These 
dimensions ere known as the nominar4hAeiisions of the piece! they ate mmatty given in 
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even inches, as for example, 2 X 4 in., 6 X 8 in., etc. Actually the timber is smaller than 
its nominal dimensions by the width of the saw cut, which is about thick* Thus a 
rough sawed piece, whose nominal dimensions are 4 X 6 in., is really only a 8% X 6?4-m. section, 
if this section is dressed, or planed on all sides, the section is about K'-in. scant all around 
from the nominal dimensions, or actually a X 5K-in. section is obtained instead of the 
4 X 8-in. nominal section. The section obtained thus has an actual area of only about 80 
%, and a section modulus of only 79% of the corresponding values for the nominal section. 
These percentages vary with the size of the timber. 

The difference between the actual and the nominal sizes of timber is taken into account in 
the calculations by two different methods. In one method the unit stress is reduced by an 
amount depending upon the reduction in area or section modulus. Tliis method, to be effective, 
requires the use of a sliding scale of corrections, which makes it rather undesirable. In another, 
and better method, the actual sizes are used and the working stresses taken as given above. 
This latter method will be used in the work to follow. It will be assumed that all material is 
dressed on four sides, and that the actual dimensions are about K in. scant of the nominal 
dimensions. In speaking of sections, however, the nominal dimensions will be used. 

The working stress for steel tension rods will be taken as 16,000 lb. per sq. in. on the net 
section of the rod at the root of thread. In general, round rods will be used. They will be upset 
at the ends if the diameter required is greater than ^^-in. Bending stresses in steel bolts will 
be taken as 24,000 lb. per sq. in. 

143. Design of Sheathing, Rafters, and Purlins.—In the chapter on the Design of Purlins 
for Sloping Roofs, Sect! 2, there is given a complete design of the sheathing, rafters, and purlins 
for conditions practically the same as assumed in the preceding article. Therefore, only the es¬ 
sential features of the design under consideration will be given. Wherever possible, reference 
will be made to the design mentioned above, and also to the design of the steel roof truss in the 
following chapter, for which similar conditions exist. 

From Fig. 157 it can be seen that the span of the sheathing is 16 in., the distance center to center of rafters. 
As the loads are the same as for the above mentioned designs, it can readily be seen that 1-in. sheathing is satis¬ 
factory. The rafters are to be designed for the combinations of loading stated in Art. 

142. As the roofing is quite rigid, it can be assumed that the load to be carried by the 
rafters is the component of loads perpendicular to the roof surface. It will be found that 
the loading of case (5) of Art. 142 gives the required maximum. The conditions are as 
shown in Fig. 160. (See also the design given in Art. 151.) 

From the data given and the assumptions made in Art. 142, the minimum snow load 
is a vertical load of 10 lb. per sq. ft. of roof and the normal wind load is 14.9 lb. per sq. 
ft. of roof. Assuming that shingles weigh 3 lb. per sq. ft. of roof, and that 1-in. sheathing 
weighs 3 lb. per ft. board measure, it will be found from the force diagram of Fig. 160 that 
the total normal component is 20.2 lb. per sq. ft. of roof area. 

From Fig. 157, the area carried by a rafter is (16^12) 9.33 «> 12.4 sq. ft., and the uniformly distributed load is 
29.2 X 12.4 M 363 Ib. If a 2 X 4-in. rafter be assumed, whose weight at 3 lb. per ft. board measure is 3 X 9.3 X 

Ha *** 18.7 lb., the total uniformly distributed load 18 363 + 16 382 lb. Assuming that the rafters are continu¬ 

ous over several purlins, the moment to be carried can be calculated from the formula M » Mo v’f ”” Mo X 382 
X 9.38 X 12*» 4270 in.-lb For the working stress of 1650 lb. per sq. in., given in Art. 142, the required section 

modulus is 4270/1650 2.59 in.* Assuming the dimensions of a dressed 

2 X 4 to be 1% X 3H in*! the section modulus furnished is (W*)/* * 8.02 in.* 
The assumed section will be adopted, as it is the smallest advisable section. 

As shown in Fig. 161, each purlin supports 12 rafter loads. From the 

calculations given above, each rafter load is 382 lb. Fig. 161 shows the 

loads in position. The maximum moment occurs under the load next to 
the beam center. As the purlins usually span only the distance between 
trusses, simple beam conditions will be assumed, and M » [2292 X 5.5 ^ 
382(1 4- 2 -h 8 + 4 -f 5)116 « 110,000 in.-lb. Assume a 6 X 
pudin section. The weight of the assumed purlin is 6 X 10 X Hi 15 
Ih. per ft., and the moment due to its weight is JU* M X 15 X 16* X 12 «« 5760 in.-lb. Total moment 

i- UOfOOO 4 576p w 115,760 in.-lb. Required section modulus <• 115,760/1650 « 70.1 in.* Section modulus 
famished by a 6 X 104n. purlin, dressed to 5M X 9H in., is 82M in.* Although the assumed section is slightly 
over dlse, it will be adopted. 

14A D«tbmiiiifttion of Stresses ia Mein1>ers.— The general methods of stress cslouletlou 
are given in Sect, J* Stresses can be determined by means of the graphical methods given in 
the i^ove mentioiieciaeetion, or by means of the tables of stress coefficients given in the chanter 
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on Hoof Tni8seB-*iStress Data* The latter method has been used in the design under consider* 
ation. A& the general methods of procedure are given in detail in Art. 153, only the essential 
features are repeated here. The reader is referred to the discussion given in the following 
chapter, as it applies also to the design under consideration. 

In Art. 142 the formula for the dead weight of the trusses is given as tt? ** 0,04 1 + 0.000167 
where I « span * 50 ft., and w — weight of trusses in lb. per sq. ft. of horizontal covered area. 
Then w « 0.04 X 50 + 0.000167 X 50* = 2.42 lb. From Fig. 157, the horizontal covered 
area per panel is 50 X 16/6 ~ 133 sq. tt. The dead panel load due to the weight of the tniss 
is then 2.42 X 133 ~ 323 lb. The dead load due to shingles is 3 lb. per sq. ft. of roof, and that 
due to the sheathing is 4 lb., giving a total load of 7 lb. per sq. ft. of roof. From Fig. 157, 
the roof area per panel is 9.33 X 16 = 149 sq. ft. The dead panel load due to sheathing and 
shingles is then 149 X 7 = 1043 lb. From Fig. 161, the weight of 12 rafters and one purlin is 
brought to each panel point. Each rafter weighs 18.7 lb., and the purlin weighs 12 lb. per ft., 
as given in Art. 143. The resulting panel load is 12 X 18.7 + 16 X 15 = 224 -f 240 = 464 lb. 
The total dead panel load is then 323 -f- 1043 4- 464 = 1830 lb. 

As given in Art. 142, the snow load is 20 lb. per sq. ft. of roof, and the wind load is 14.9 lb. 
per sq. ft. of roof. Since the roof area per panel is 149 sq. ft., the snow panel load is a vertical 
load of 149 X 20 = 2980 lb., and the wind panel load is 14.9 X 149 = 2220 lb., a load which 
acts normal to the roof surface. In Art. 142, a minimum load of 40 lb. per sq. ft. of horizontal 
covered area is also specified. The panel load for this loading is 40 X 133 = 5320 lb., a vertical 
load. 

The stresses due to the above panel loads are given in Table 1 Dead load stresses are given in col 1: snow 
«oad stresses are given in col. 2; minimum, or half snow load stresses, arc given in col 3; wind stresses for wind from 


Table 1.—Stresses in Members 
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Member 

Dead 

load 

1 

Snow 

load 

2 

One-half 

snow 

load 

3 

Wind 

from 

left 

4 

Wind 

from 

right 

5 

One- 

third 

wind 

6 

D L., h 
S. L , and 
\vind 

7 

D L, H 

wind, and 
snow 

8 

Vertical 

loading 

9 

Maxi¬ 

mum 

stress 

10 

ah 

-10,260 

-16,660 

-8,325 

- 6,950 

-4,160 

-2,320 

-26,525 

-29,220 

-29,800 

-29,800 

he 

- 8,200 

-13,320 

-6,660 

-6,270 

-4,160 

-1,760 

-20,130 

-23,280 



cd 

-6,150 

-10,000 

-5,000 

-3,610 

-4,160 

-1,390 

-15,310 

-17,540 

-17,820 

-T-- 

-17,820 

at-ef 

4-9,180 

414,900 

47,450 

47,770 

42.800 

42,590 

424,400 

426,670 

426,600 

426,670 

fQ 

47,340 

411.920 

46,960 

45,280 

42,800 

41.760 

418,580 

421.020 


421,300 

hf 

- 2,060 

- 3,340 

-1,670 

-2,780 

0 

- 930 

- 6,610 

- 6,430 

- 5,960 

- 6,610 

eg 

- 2,690 

- 4,200 




-1,170 

- 8,210 

- 7,900 

- 7,510 

- 8,210 

d 

+ 816 

4 1,490 

4 743 

41.230 


4 410 

4 2.990 

+ 2,818 

4 2,660 

4 2,990 

4g 

4 3,670 

4 6,960 

42,980 

42,480 

42^80 

4 826 

+ 9.180 

410,445 

410,640 

+ 10,640 

he 

Bi 

im 

■ 

m 


■ 

0 

0 

0 

0 


4 - - 4 ^' 


eomprehslon. 
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the left are given in ool* 4, and for wind from the right, the stresBes are given in col. 5; minimum, or one-third wind 
etressea are given in ool. 6. The wind stresees are calculated on the aesumption that both ends of the truea are 
rigidly fastened to the masonry walls, and that the reactions are parallel to the direction of the wind—that is, nor¬ 
mal to the roof surface. The assumption of fixed ends is reasonable, fur a wooden truss is not effected by tempera¬ 
ture changes, and no provision for expansion need be made, as in the case of the steel truss. 

The maximum stresses, as given by the combinations of cases (6), (r), and (d) of Art. 142, are given in cols. 7, 8, 
and 9 respectively. Stresses for col. 0 are calculated fiom the dead luad by ratio of the panel loads for a minimum 
load of 40 lb. per sq. ft. of covered area, which is 53201b., and the dead panel load, which is 1833 lb. Col. 10 gives 
the greatest of these maximum values, which is the stress for which the members are to be designed. 

146. Design of Members.—^As stated in Art. 142, the top and bottom chord members and 
the diagonal web members will be made of timber, and the vertical members will be made of steel 
rods. The working stresses for the wooden compression members whose length exceeds 15 
times the least width is given in Art. 142 as 1800 (1 — l/QO d), where I = length in inches, and 
d = least dimension in inches. Compression members whose length is less than 15 times the 
least width are to be designed for a working stress of 1350 lb. per sq. in. The working stress 
for w'ooden tension members is given as 1650 lb. per sq. in. For steel members the working 
stress is 16,000 lb. per sq. in. All data for the design is given in Table 2. 

Sections for wooden compression members should be square, if possible, in order to secure 
a member of equal rigidity in planes perpendicular to the sides of the members. Single pieces 
are preferable to members built up ot planks placed side by side and nailed or bolted together 
to form a single member. The excessive cost of, or difficulty in obtaining single pieces, may 
decide in favor of the built-up member. 

.Wooden tension members must contain considerable excess area in order to provide fornotch* 
ing at the joints. Single pieces are preferable for use as tension members. If planks are used, 
placed side by side to form a built-up member, considerable care must be taken in order to make 
certain that the proper net area is provided at all points. lurthcr discussion of this detail 
will be given in connection with the design of the lower chord member. 

Design of Top Chord Member ,—The design of the top chord member wrill be determined for 
the conditions existing in member a-bf where the stress is a maximum. From Table 1 the 
stress in member a—6 is 29,800 lb. compression. Assume a 6 X 6-in, member, of which the 
actual size will be taken as 5>^ X iii* Since the length of member a-b is 112 in., the ratio 
l/d = 112/5.5 = 20.4, Therefore the working stress is to be determined by the formula 
1800(1 — l/GOd), For the assumed section the working stress is 1800 (1 — 112/60 X5.5) 
= 1800(1 ~ 0.34) = 1190 lb, per sq, in.; and the required area is 29,800/1190 = 25.0 sq. in. 
The area provided by the assumed section is 5.5 X 5.5 = 30.25 sq. in. The assumed section is 
ample and it will be adopted. 

In trusses of the size under consideration, it is usual to make the entire top chord of the same cross section. 
For larger trusses, the section of the upper end of the top chord is sometimes reduced in size. A butt splice is made 
at one of the panel points. This splice can be designed by the methods given in the chapter on Splices and Con¬ 
nections—Wooden Members. 

If the top chord member is to be made of planks, a 2 X 6-in. piece, actual dimensions about IH X 
would probably be used in the case under consideration. To provide the proper area, three pieces will be required. 
For this section, d » 3 X IH f/d ■■ 23; and Uie allowable working stress is 1120 lb. per sq. in. The 

area required is then 29,800/1120 ■■ 26.6 sq. in., and that provided is 3 X X 5.5 "» 26.8 sq. in. Theseotloa 
is ample. To hold the several pieces together, bolts about in. in diameter should be placed through the pieces 
at intervals such that the value of l/d for a single piece will be not greater than the value for the whole member. 
From the calculation given above, l/d for the whole member is 28. Since d for a single plank is IH in., the dis¬ 
tance between bolts must be about (23)(lH) 37.4 in. Bolts spaced 3 ft. apart will probably be satisfactory. 

Design of Compression Web Members .—^The compression diagonals h-J and c-g are 
designed by methods similar to those used for the top chord member. It was found that 4 X 
4-in. members, actual size assumed as 3X in., are sufficient as far as stress condi- 
tibns are concerned. It sometimes happens that the size of member as designed must be in¬ 
creased to provide sufficient bearing area for joint details. The actual sizes as designed are given 
in Table 2. If changes are required, they will be made in Art. 146 on the design of joints. 

Dedgn of Bottom Chord Tensim Member,—From Table 1, the maximum stress in the 
bottom chord occurs in members ore^f where the stress w 26,670 lb. tension. The not 
area required for the allowable working stress of 1650 lb. per sq. in. is 20,670/1050 « 16.2 
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in. In general^ it will be found that in order to provide for notching at the joiatB, etc., the 
adopted section must provide an area about % greater than the required net area, or in this 
case, the adopted section shold provide at least 16.2 X » 27 sq. in. A 6 X 6*in. member, 
actual size 6H X 6J^ in., provides 30.26 sq. in. This section will be adopted, subject to the 
condition that it must provide the required net area at the joints, a point which will be definitely 
determined in the following article. 

The lower chord member for the truss under consideration will now be designed as a built- 
up section. It will be assumed that 2 X 8-in. plank, actual size X 7K in., are to be used. 
Since the rods composing the vertical members pass through the chord section, an odd number 

of pieces will be provided, and the center piece, which 
will contain the rods, will not be assumed to carry any 
of the chord stress. Assume a section consisting of 
five pieces, placed as shown in Fig. 162. 

The splices in the member will be located as 
showm in Fig. 162; they will be placed about a foot 
from the panel points. For the arrangement shown, 
the planks can be ordered in lengths not to exceed 20 
ft. It wrill be noted that in each panel, only two 
pieces are available at the splices to carry the total 
tension. The net area of these pieces for the 
member a-e-*/ must then be 26,670/1660 = 16.2 sq. 
in., or 8.10 sq. in. for each plank. Assuming the 
splices to be made with 1-in. bolts, of which there are two on the same vertical section, as 
shown in Fig. (c), the net area of a 2 X 8-in. plank is 1^^ (7.6 — 2 X 1/ = 8.96 sq. in. The 
assumed section is probably sufficient^ as all notching for the joint at f can readily be made on 
the three inside members. 

In determining the number, siee, and position of the bolts oonnecting the several planks forming the bottom 
chord member, due attention must be paid to the transmission of stress across the spliced sections. Thus in Fig. 
ie2(a), tiie total stress in member a-e on the section x-x, close to joint a, is carried by four planks, assuming that 
the center plank is inactive, as stated above. Therefore, on section x^x each plank has a stress of 26,670/4 
6670 lb. At the splice just to the left of joint c, all of the load is carried by the planks numbered 2 in Fig. (a). 
Therefore between the sections x-x and joint s, the stresses of 6670 lb. in planks 1 have been transferred to planks 
2 , which are fully stressed at the splice, as calculated above. 

The stress in planks 1 will be transferred to planks 2 by means of l*in. bolts, as assumed above. The num¬ 
ber of bolts required will be determined by the safe bearing on the end fibers of the wood, and by the safe bending 
stresses in the bolts. At 1200 lb. per sq. in., the safe bearing for a lH*iA. plank on a 1-in. bolt is 1200 X 1.626 X 
1 1960 lb. The number reqiiired for bearing is then 6670/1060 •• 3.42, or four bolts. Assuming the loading 

eonditions on the bolts to be as shown in Fig. (6), the total moment to be carried by the bolts is 6670 X 1.626 
10,820 in.-lb. From the tables of safe bending moments on bolts for a fiber stress of 24,000 lb. per sq. in., the 
allowable bending moment on a 1-in. bolt is 2360 in.-lb. Therefore, 10,820/2360 4.6, or five bolts are required 

for bending moment. These bolts are shown in position in Fig. 162 (e). 

The distance from the centers of the bolts to the edge of the splice is determined by the required strength in 
shearing on the dotted lines shown in Fig. (c). Since five bolts are to be used, the load on each bolt is 6676/6 m 
1386 lb. From Art. 142, the shearing value of hemlock parallel to the grain is 240 lb. per sq. in. The required 
dktanoe from the center of the bolt to the edge of the plank is then 1335/2 X 1.625 X 240 » 1,72 in. The arrange¬ 
ment shown in fig. 162(c) is convenient, and will be adopted. 

At the right of the splice at joint e, an arrangement of bolts similar to that described above must also be 
usedf for the stress in planks 2 must be transferred to planks 1 because of the splice in planks 2 at joint /. As the 
ealeulations are similar to those given above, they will not be repeated. 

In the panel /<-g, similar calculations must also be made. As the stresses are smaller than those in the end 
panels, four bolts will be fbund sufficient. At points between the splioes, the planks aie to be held together by H* 
in. bolts placed about 2-lt. centers. 

Derign of VorUeal Tetuim Bod».—T)a vertical tenaioii meniben wiU be made of round iod> 
tkreactod at ibe eoda and provided with square uuts. As shorm in Table 2. a plain 
dfaunetw round rod provides some nmess mea for membor e-f, Buuse thia is about the naaQ. 
eat advisable sise of rod for sueh members, it wiH be <tted. It is to be remembeied that the 
arba of thq rod «t the root of thread foverqg the design. 

Aittf^ngh ^^ijRdber d-e hu no definite strails, a rod will be used. 
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For member an area of 0.665 eq. im at root of thread is required. A plain toA l}^ 
in. in diameter will furnish the required area. It will probably be better practice to use a r^ 
of smaller diameter with an upset end. Prom the tables of upset ends for round xods, it will 
be found that a l*in. rod with a l^>in. upset end is required. 


Table 2.—^Design of Members 
cf 


Member 

Max. stress 
(lb.) 

Length 

of 

member 

(in.) 

Least 

width 

(in.) 

L/D 

Working 

stress 

(Ib./in.*) 

Area 
required 
(sq. in.) 

Section 

Area 
provided 
(sq. in.) 

ab 

-29,800 

112 


20 4 

1,190 

25.0 

0" X 6 " 

30.25 

he 

-23,800 

. 1 





6 '' X 6 " 


nl 

-17,820 



.. 



6 " X 6 " j 

ae-ef 

4-26,670 1 . 

... 1 1,650 

16.2 

g// ^ 

30.25 

fo 

■f 21,300 

. 


. .. , 1,650 

12 9 

’o" X 6 " 

30.25 

bf 

- 6,510 

112 


31 0 

875 

7 45 1 


13.15 

eg 

- 8,210 

141 


3H9 

630 

13 0 * 

4" X 4" 

13.15 


4- 2,990* 

. . 



16,000 

0.187 

^ 4 " round rod 

0.302 

dg 

-f 10,640 




16,000 

0.665 

r' round rod upset to 1 

1.05 

he 

" 




.i 

0 

^ 4 " round rod 

0.302 


-h tension. — * compression. 


146. Design of Joints.—A great variety of joint details are in use for wooden roof trusses. 
The general principles governing the design of joints have been given in the chapter on Roof 
IVusses—General Design, where typical joint details are shown. In the present article, the 
design methods will be given for some of the details in common use, particular attention being 
paid to details suitable for the type of truss under consideration. 

The general principles of joint design given in the chapter on the Detailed Design of a 
Steel Roof Truss apply also to a wooden roof truss. Center lines of members must be made to 
intersect in a common point. If this can not be done, the additioitai stresses in the members 
due to the eccentric connections must be calculated and proper provision made for them. 

In designing the joint details, the stresses transmitted from one member to another must 
be carefully determined and the beating areas between the members proportioned to provide 
for the stresses to be carried. In general, simple details are desirable, and the joints should be 
made up with as few parts as possible. Indirect connections, and those in which the di 9 tn*<* 
bution of the stress to several parts is indeterminate, should be avoided. Where the stresses 
arh sthall, one member can be notched into another to form the joint details. Where 
Huge stre^ are to be transmitted from one member to another, metal bearing plates or oast* 
ingi, side iMes, or bolted eomieetbns are required. The general principles for the de^ of 
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splices and similar connections are given in the chapter on Splices and Connections—Wooden 
Members. 

Design of Joint 6 .—Aa the stress to be transmitted from member 5-/ to the top chord 
member is comparatively small, a notch detail of the form shown in Fig. 163 will be used. In 
order to make certain that the resultant pressures on the faces 1-2 and 2-3 intersect on the center 

line of the member at point 4, the notch will be made with faces 
at 90 deg., as shown in Fig. 163. In this way a central con¬ 
nection is made and eccentric moments are eliminated. 

Assume a notch 13^ in. deep on face 1-2. The dimensions 
and form of the resulting notch are shown in Pig. 163. These 
dimensions were scaled from a large scale layout of the joint. 
In making the layout, the actual dimensions of the members 
were used. 

Resolving the stress in member h-f into its components 
perpendicular to the faces of the notch hy means of a force 
diagram, the forces to be carried are as shown in Fig. 163. Since these loads act at an angle 
to the grain of the material, the strength of the notch depends upon the allowable bearing 
values on these surfaces, as determined by the formula of Art. 142, for which the conditions 
are shown in Fig. 159. The angles which the surfaces 1-2 and 2-3 make with the grain of 
the material of the chord member and of member h-f are as shown in Fig. 163. These angles 
were measured with a protractor from a large scale layout of the joint. Angles were read to 
the nearest half degree. 

The allowable bearing values as calculated from the formula of Art. 142 are as follows. 

Chord member: 

surface 1-2, 330 4* 0.1816(74)2 n 1330 lb. per sq. in. 
surface 2-3, 330 + 0 1816(16)2 » 375 ib. per sq. in. 

Member b~f: 

surface 1-2, 330 + 0.1816(52.5)* » 860 lb. per sq. in. 
surface 2-3, 330 + 0.1816(37.6)* » 685 lb. per sq. in. 

For these allowable bearing values, the areas required are as follows: 

Chord member: 

surface 1-2, 6200/1330 « 3.90 sq. in. 
surface 2-3, 3900/ 375 « 10.4 sq. in. 

Member 6 -/; 

surface 1 - 2 , 5200/860 * 6.12 sq. in. 
surface 2-3, 3900/585 •■6.67 sq. in. 

These calculations show that the required areas are 6.12 sq. in. for surface 1-2, and 10.4 sq. 
in. for surface 2-3. 

As the notch 1-2 is assumed to be 1)^ in. deep, the width required on this surface is 6.12/ 
1.25 4.90 in. From the design given in Art. 145, a 4 X 4-in. member is sufficient for member 

h-f as far as the column design is concerned. This member, however, does not provide the 
required width on surface 1~2, as given by the above calculations. The required area can be 
provided by one of two methods; either the notch can be made deeper, or the member can bo 
made wider. As designed in Art. 145, the chord member is 6 in. wide and member &-/ is 4 in* 
wide. It is therefore posable to increase the width of member 5-/. In this case it does not 
seem advisable to make the notch deeper than assumed, because ^e excess area provided by 
(he sectmn adopted does not allow much cutting. The required area will be provided by in- 
creaehig member 5-/ to a 4 X 6«m. section, actual size assumed as 3H X 5H lu., placed with 
the 44ii. side in the plane of the truss, as shown in Fig. 163. The area provided on surface 
-l'^2 is thmi 5*5 X 1*25 » 6.875 sq. in., which is satisfactory. 


hi wler to prevent member h-f from slipping out of place due to shrinkage of the partSi 
it Is beet io provide a tenon projecting from the surface 2-3 into a slot in the chord member, as 
shown in 1% 163, This tenon should be about 1 fax. thick, and the slot in the chord member 
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then 6.6 -1.125 « 4.376 in. Prom Fig. 163, the length of the surface 2-3 is 4.63 in. The area 
provided is then 4.53 X 4.375 =>= 19.8 sq. in. From the calculations given above, an i^a of 
10.4 sq. in. is required. The detail is satisfactory and will be adopted. 


Fig. 164 sbowB another arrangement for joint b. A S-shaped bent steel plate has one of its legs notched into 
the chord member, while the other leg forms a t)roiection against which the member 6-/bears. The depth of the 
projection 1-2 is determined by the allowable bearing on this surface, which, from the formula of Art 342, is 330 + 
0.1815(36.8)* * 575 lb. per sq. in. Resolving the stress in h-f into components parallel and perpendicular to the 
chord member, the loads shown in the force diagram are obtained. 

Therefore, the area loquired on surface 1-2 * 2010/575 « 4.98 sq. in. 

If 6-/ be taken as a 4 X 4-in. member (actual sise 3^6 in. square), the 
required distance 1-2 «* 4.98/3 625 » 1.378 « in. 

The thickness of the plate is determined by its strength as a canti¬ 
lever beam of length 1^« in. The plate will be made the full width of 
the chord member, which is in. wide. Assuming the pressure to 
be concentrated at the center of the surface 1-2, the moment is >2 X 
2910 X 1.375 •» 1930 in. lb., and the thickness required for a working 
stress of 16,000 lb. per sq. in is d * (GM/fb)i^ « (6 X 1930/16,000 X 
5.5)'^ “ 0.3625 in. A > 2 -in. plate will be used. 

From the formula of Art. 142, the allowable bearing pressure for 
the 4 X 4-in. member on the surface 2-3 is 330 + 0 1815 (53.2)* = 840 
lb. per sq. in. The bearing area required between the 4 X 4-in. 
member and the under side of the plate is 5830/840 •» 6.95 sq. in. On the upper surface of the plate, the bearing 
is directly on the aide of the chord member, and the allowable bearing is 330 lb. per sq. in. The bearing area 
required on the lower face of the chord member is 5830/330 = 17.7 sq. in From a large scale layout of the 
joint, the dimensions were found to be as shoi^n in Fig. 164. The bearing area provided between the 4 X 4-in. 
member and the plate is then 3>^ X 3^^ » 12 7 sq in , and the area provided between the chord member and 
the plate is 5 5 X 3 ."i *■ 19.2 sq in , as tlie plate is assumc^d to cover the full w'idth of the chord member. 

The component of tlirust parallel to tlie chord member is taken up by notching into the chord nember. As 
the bearing is on the end hbers of the material, the allo\^ablc bearing is 1800 Ib. per sq. in., and the area required 




5ect»on*x-x* 


is 2910/1800 “» 1.62 sq. in. The depth of the notch required is 
1.62/5.5 0.294 in. A J^-in. notch will be used, for a shallower 

notch is not effective. 

The bent plate is kept in contact with the chord member and 
with member h-f by means of lag screws, or by means of a bolt pass¬ 
ing through the members. Fig. 164 shows the adopted detail. 

Fig 165 shows a detail for joint b which makes use of a cast-iron 
angle block. This block is notched into the top chord by means of 
a lug cast on the angle block. Member b-f bears directly on the 
end of the angle block. In order to save material, and also to 
reduce the weight of the angle block, it will bo made up of two 
bearing surfaces, 1-2 and 3-4, connected by a cast web. 

The design of an angle block of the form shown in Fig. 165 
consists in the determination of the sise of the lug which notches into 
the top chord, and the thickness required for the cantilever beams 
forming the bearing surfaces 1-2 and 3-4. The force diagram shows 
the components of load parallel and perpendicular to the top chord 
member. 

The depth of the lug must be sufficient to transfer to the end 
fibers of the top chord member a stress of 2910, as shown by the force 
diagram. As the allowable bearing on the end fibers of the material 
is 1800 lb. per sq. in., and the width of the chord member is in., 
the depth of notch required is only 2910/1800 X 5.5 0.294 in. 


Fia. 165. As the required notch is too shallow to be eifeotive, a 1-in. notch 

will be used. The width of the lug is determined by its strength as 


a cantilever beam under a moment of 2910 X 0.5 1455 in.-lb If the working stress for cast iron is taken as 

3000 lb. per sq. in., the width required is - (6 X 1465/5.6 X 8000)H - 0.727 in. A width of 1 in. wOl 

be adopted. The details of the lug are as shown in Fig. 165. 

The area required on the surface 1-2 is determined by the bearing strength of the timber across the fibers, 
which is 330 lb. per sq. in. iTrom the force diagram, the load to be transmitted to the chord member is 6S30 lb. 
The area required is then 5830/330 17.7 sq. in. If it be assumed that the top surface of the lug does not carry 

compression due to imperfect workmanship, the area provided on surface 1-2 is (4.5 — 1.0) 5.5 •» 19.3 sq. in., whith 
is ample. 

The thickness of the upper bearing surface is determined by the necessary thickness when considered as a 
oaptilever beam. Fig. ib) ehows a vertical section of Fig. (a). This beam is subjected to a preasure of 5UdO/19.3 
« 803 lb# per sd* acting ae shown in Fig. ib). For the conditions shown, the bending moment in a strip of 

X X S.I9««> TorMsUowabbbtadiacvtMH 
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of 3000 lb. p«r sq. in. for cMt iron, the required ihioknew b (6 X 765/3000)*^ «1.24 in. Theaeotion 

will be made 1 ^ in. thick. 

By a similar prooess it will be found that the thiokneea of the bearing aurfaee 3-*4 can hlso be made IH in* thick. 
The angle block will be fastened to the chord member by means of lag screws. To hold the member hr/ in place, 
side pieces will be cast on the lower bearing surface. Lag screws through the projections thus formed will hold the 
member rigidly in position. All details are shown in Fig. 105. 

Member b cf, the vertical tension rod. passes through the dhord member and bears on the chord by means of a 



Fig im 


oast washer. As member Z^-e has no dednite stress, a 
washer similar to the one designed for joint e will be used. 
Fig. 166 (c) shows the details of the washer. 

DeHgn of Joint c.—^Fig. 166 shows two de¬ 
signs for joint c. The design methods are similar 
to those used for joint h. Fig. (o) shows a joint 
made by notching, and Fig. (b) shows an angle 
block design. Due to the angle between mem¬ 
ber c-g and the top chord member, a solid block 
was used in this case. 

The vertical rod c-f transmits to the upper 
chord its stress of 2990 lb. This load is brought 
to the top of the chord member by a washer. 
In this case a cast angle washer will be used, as 
shown in Fig. 166 (c). The design of this 
washer consists in providing a base area suffi¬ 


cient to transmit to the top fibers of the chord member, a stress of 2680 lb., the component of 
stress perpendicular to the chord member, and in providing an area at the toe of the washer 
which will provide for a load of 1340 lb., the component of stress parallel to the chord member. 
The stresses to be carried were determined from the force diagram. 


As stated in Art. 142, the bearing under washers which bear perpendicular to the grain 
is 412.5 lb. per sq. in. The area required on surface l'-2 of Fig. (c) is then 2680/412.5 « 6.5 
sq. in. Since the rod composing member c-f is in. in diameter, the hole in the washer should 
be about 1 in. in diameter. As the hole in the base of the washer is elliptical in form, the area 


will be taken as 1.5 sq. in. The required gross area 
of the base is then 6.5 + 1<5 ~ 6.0 sq. in. A 3 X 8 
in. base will be used. 

To resist the component of load parallel to the 
chord member, the washer will be set into the chord 
member. As the allowable end bearing on the fibers 
is 1800 lb. per sq. in., and as the washer is 3 in. wide, 
the indentation must be at least 1340/1800 X 3 » 
0.25 in. A >^-in. indentation will be used^ as shown 
in Fig. (c;. 

Otker forms of washer details in common use for sloping 
ehords are shown in Figs, (d) and (e). In the form ihown in 
Fig. (d). the top dhord is notched to form a horisontal surface. 
A sound or square wndier is then used whose base area is de¬ 
termined lor the allowable bearing, as calculated from the 
Ibrmula of Art 142. Fjg. (e) shows a bent plate washer. The 
daailEii of this detail is similar to the one shown in Fig. (c). 



Dedgn of Joint d,— ^Joint d, the apex joint, k a ^ 

butt |dnt in wfaieh the m€mben inteimct at an angle. 

Ihe deeign of tbb joint oonaste in providhig the ptoper ataa betwen the abutting e yrfacea , 
and the jmnHbion of pn^ bearing under the wariier on the vertfeal member dhf. Rigid 
axe to be provided in order to hold the membon in Unot 

a detail tbe joiiife tn whieh the top ^wtd in«gd»ro hrm tii9 two (ildM 

l^tw'againM each other {» a vertieal Sm gttd ggaiwrt » 
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member the i^ertical rod. The maximum stress in member c-4 is 17,820 lb., as given in 
Table 1. This stress is due to the vertical loading of 40 lb, per sq. ft. of covered area, for which 
the panel load is 5320 lb. The stresses in ail membera, and the panel load, are shown in position. 

The details of the joint depend on the method of supporting the purlin at this point* If 
the purlin is set on the top of the washer, the bearing area on the under side of the washer 
must be determined for the vertical components of the stresses in the chord members. From 
the force diagram, the load to be carried is 2 X 7080 « 15,960 lb. If a detail of the form 
shown in Fig. 178 (&) is adopted, where the purlin load is distributed equally to the two chord 
members, the load to be provided for on the under side of washer is 15,960 — 5320 » 10,6401b., 
which is equal to the stress in the vertical rod. The latter detail will be adopted in this case, 
as shown on the general drawing, Fig. 179. 

From the formula of Art. 142, the allowable bearing on the under side of the wa^er is 330 + 0.1815 (26.5 
« 460 lb. per sq. in., and that on the vertical bearing surface is 330 + 0.1815 (63.5)* 1060 lb. per sq. in. The 

area required on the under side of the washer is then 10,640/460 *>* 23.1 sq. in., and on the vertical hearing surface 
the area required is 15,060/1060 15.1 sq. in Assuming the plate washer to cover the full width of the chord 

member, the length required is 23.1/5.5 4.2 in. To allow for the area taken out for the vertical rod, a 5>^-in. 

square steel plate will be used, as shown in Fig. 167 (a). If the horisontia] bearing area for each chord member 
is made in., a layout of the joint will show that the vertical bearing surface is about 4^ in. The area pro¬ 
vided on the vertical bearing surface is then 4.75 X 5.5 26.13 sq. in., which is more than required. 

The thickness of the plate washer will be determined on the assumption that it forms a double cantilever beam. 
Fig. (6) shows the assumed distribution of loading, which is approximate but accurate enough under the con¬ 
ditions. The moment to be carried on section x-x is 5320 X 1,375 7,315 in.-Ib. For an assumed working stresa 

of 16,000 Ib, per sq. in., the thickness required is d » (6Af/fc/)’^ » (6 X 7315/4 X 16,000) H » 0.83 in. A ]P^-in. plate 
will be used. As shown in Fig. (5), a IH-in. hole is provided in the washer for the vertical member, which leaves 
a net width on section z-x of 6 5.5 — 1 5 * 4.0 in. 





To hold the chord members in place, short pieces of 2 X 6-in. plapk are fastened to the faces of the chord 
members by means of 94«in. bolts. These pieces do not carry any definite stress. 

Fig. 168 shows two forms of cast-iron block details for the joint at point d In the design of Fig. (a), the bearing 
surfaces required are determined by the same methods as used in the design of Fig. 167. The required thickness of 
metal can be determiued by eonsidering the upper surface to be a fixed ended beam supported by the side surfaces. 
The detailB shown in Fig. 168 are more eacpensive than the one shown in Fig. 167. It is doubtful if the added ex¬ 
pense Is worth while, iat the detail of Fig. 167 is simple, effective, and inexpensive. 

Design ef JeirU a.—^The design of the joint at a, the heel of the truss, requires careful con¬ 
sideration. At this point the stresses to be provided for are greater than at any other point in 
the truss. In g^eral the members meet at an acute angle, which adds to the difficulties 
encountered in the design. Designs will be woi^ed out in detail for a joint formed by notching 
one member into the other; for one formed by a bent strap with lugs; for a joint consisting of 
steel sUb plates; and for a cast-iron shoe. 

169 lAt&m an armngement for a joint at point a formed by notching the top chord 
teto the lower ^Uor4 member. The notch is so arranged that the surfaces 1-2 and 3-4 
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provide equal areas. The oonnection formed between the members is central and no eccentric 
moments are to be provided for. 

It can be seen from Fig. 169 that the bearing value at the notches is governed by the allow¬ 
able values for the horizontal member. From the formula of Art. 142, the allowable bearing 
is 330 4- 0.1815 (63.5)* « 1060 lb. per sq. in. Hence the total area to be provided on surfaces 
1-2 and 3-4 is 29,800/1060 ~ 28.1 sq. in. If the notches are made 1T4 in. deep, as shown in 
Fig. 169, the width of bearing required is K X28.1/1.876 « 7.5 in. From Table 2, the stress in 
member a—5 calls for a 6 X 6-in. piece, of which the actual width is iu. Since it is not 
advisable, and in fact impossible in this case to make the notches deeper because of the reduc¬ 
tion in the available net area of the lower chord section, the members must be made wider if 
this form of joint is to be used. The calculations above show that a 6 X 8-in. member, actual 
width 7}i in., must be used for both the top and bottom chord members. This change will be 
made and the other details of the design will be worked out. 

The net area of the lower chord member must now be checked up. As shown in Fig. 169, 
the weakest section is on a vertical section through point 4, where the net area provided is 
7.5 X 3 s= 22.5 sq. in. From Table 2, the net area required for member o-c is 16.2 sq. in. The 
area furnished is therefore ample, provided no further cutting is required. 

The loads brought to the surfaces 1-2 and 3-4 must be resisted by the shearing resistance 
offered by the surfaces 2-6 and 4-7. The shearing resistance developed must be equal to the 
horizontal component of the stress in the top chord member, which is 26,670 lb., as shown by the 
force diagram. Assuming that surface 2-6 carries one half of this load, the length required 
on surface 2-6 is H X 26,670/240 X 7.5 = 7.4., when the shearing working stress is 240 lb. 
per sq. in., as given in Art. 142. Surface 4-7 is below surface 2-6 so that it can be counted upon 
to act as shear resisting area. To provide some excess area due to possible defects in the ma¬ 
terial, the bottom chord member will be extended 12 in. beyond the intersection of center 
lines, as shown in Fig. 169. A layout of the joint will show that the lower chord member will 
not project outside the roof line if the purlin is placed with its lower surface on the same level 
as the under side of the top chord member. 

The top chord member will be held in place on the lower chord member by means of bolts 
passing through the members, as shown in Fig. 169. These bolts do not carry any definite 
stress, as they serve only to hold the parts together. Two ?^-in. bolts will be used, located as 
shown in Fig. 169. In order to avoid further cutting of the lower chord member to provide seats 
for the washers at the lower ends of the J^-in. bolts, a 6 X 8-in. timber, known as a corbel, will 
be bolted to the under side of the chord member, as shown in Fig. 169. 

Although the J^-in. bolts do not carry any definite stress, it is usual to assume that the 
probable maximum stress in the bolt is equal to its full net strength in tension. Washer details 
and bearing areas are then determined for this load. As the area at the root of thread for a 
%-in. bolt is 0.302 sq. in., the probable maximum bolt stress is 16,000 X 0.302 « 4830 lb. For 
the conditions shown in Fig. 169, the allowable bearing value under the washers is governed 
by the conditions under the corbel. From the formula of Art. 142, the allowable bearii^ value 
is 330 -b 0.1815 (26.5)* » 460 lb. per sq. in. As stated in Art. 142, this may be increased for 
washers which cover only a part of the area of the bearing surface. The bearing area required 
is ^en 4830/460 X 1.25 8.4 sq. in. From the table of Standard Cast Washers given on 

p. 246, it will be found that the standard washer for a %-in. bolt provides a bearing area of 
about 7.9 sq. in. Under the conditions, a standard washer will be used, although the area 
provided is somewhat deficient. If the discrepancy in area is greater than for the case under 
considerationi it will be best to design a special steel plate washer similar to those used at joints 
d, /, and g* 

dittee the probable bolt stresses are inclined to the axis of the corbel, keys or wedges must 
be inserted between the lower chord member and the corbel to prevent any movement of the 
parts. If Uiree wooden keys are provided, as shown in Fig. 169, each key must take one*third 
gt the horizontal component of the total stress in the bolts. From a force diagram, the hori- 
eotttltl ^mponent of the stress in the boHs is found to be 2 X 2,169 « 4320 lb. In addition 
to thSsIhW, keys must also provide lor the horizontal component of the reaetioh due to 

4 - 
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wind. From the coefficients for wind load reactions given in the chapter on Eoof Trusses 
—Stress Data, the maximum horizontal force to be provided for is 2.06 X 2,220 X sin 26® 
34' « 2050 lb. The total to be carried by the keys is then 4320 + 2060 = 6650 lb. 

A 2 X 4-in. key, actual size 1?^ X in., will be assumed. Fig. (6) shows the condi- * 
tions for which the key is to be designed. The area required for bearing against the side fibers 
of each key is X 6550/412.5 = 5.28 sq. in., assuming a working stress as for bearing under 
washers. The area provided by the assumed key is H X 1.625 X 7.5 « 6.08 sq. in,, which is 
sufficient. The length of the key is determined by the area required to develop a shearing 
resistance equal to one-third of the total horizontal force to be carried, which is 3^ X 6550 =» 
2183 lb. As given in Art. 142, the allowable shearing stress transverse to the grain is 150 lb. 
per sq. in. The area required for each key is then 2183/150 =» 14.5 sq. in. As shown in Fig. 
(6) the area provided by a key on the surface 1-2 is 3.625 X 7.5 = 27.2 sq. in. The assumed 
key is satisfactory. To prevent the key from twisting, due to the eccentric application of the 
forces, a J^-in. bolt will be placed close to each key, as shown in Fig. (o). 

The bearing area provided between the masonry wall and the corbel is determined by the 
allowable bearing on the masonry, which is given in Art. 142 as 300 lb. per sq. in. From Art. 
144 it will be found that the reactions at the wall arc as follows: dead load, 5500 lb.;snow load, 
8940 lb.; wind load, vertical component 4100 lb., horizontal component 2050 lb. The resulting 
reactions are then: (a) dead load, minimum snow load, and maximum windload, vertical com¬ 
ponent 14,070 lb., horizontal component 2050 lb.; (6) dead load, ma^^imum snow load, and mini¬ 
mum w’ind load, vertical component 14,810 lb., horizontal component 700 lb.; and (c) reaction 
due to a vertical load of 40 lb. per sq. ft. of covered area, 15,960 lb. Case (c) therefore deter¬ 
mines the required bearing area, which is 15,960/300 = 53.3 sq. in. If a 12-in. wall is assumed, 
the arrangement shown in Fig. 169 provides a bearing area of 12 X 7.5 = 90 sq. in., which is 
greater than required. To prevent horizontal movement on the wall, the corbel will be notched 
over the wall, as shown in Fig. 169. The area required in bearing against the wall is 2050/300 
= 6.83 sq. in. A 1-in. notch will provide 7.5 sq. in. 

Fig. 170 shows a design made up for a bent strap with a lug notched into the lower chord. It will be assumed 
that all of the stress in the top chord member is transferred to the lower chord member by means of the bent strap. 
The bolts serve only to hold the parts together. 

The bearing areas on surfaces 1-2 and 2-3 must be large enough to provide for the components of forces shown 
in the force diagram. From the formula of Art. 142, the allowable bearing value on the suiface 1-2 is lOCO lb. per 
sq. in., and that on surface 2-3 is 460 lb. per sq. in. 

Since the fibers at the end of the top chord member are 
confined by the bent strap, which tends to increase the 
allowable bearing value, it seems reasonable to allow an 
increase of 25 % in the working value given above The 
bearing areas required are: surface 1-2, 26,700/1060 X 
1.25 » 20.1 sq. in.; and surface 2-3, 13,335/460 X 1 25 
23.2 sq. in. Since the under side of the bent strap 
bears directly on the side fibers of the lower chord mem¬ 
ber, the allowable bearing is 330 lb. per sq. in. If this 
be increased 25%, as assumed above, the area required 
is 13,335/330 X 1.25 * 32.4 sq. in. 

In order to secure a notch of reasonable depth on 
line 1-2 of Fig. 170, it will be found necessary to increase 
the width of the chord members to 8 in., as in the 
ease of the design of Fig. 169. A notch in. deep Fia. 170. 

will provide an area of 2.75 X 7.5 20.6 sq. in., which 

sli|Ehtly exceeds the required area. On surface 2-3, an area of 6.75 X 7.5 m 50 6 sq. in. is provided, which 
exceeds the area required. 

The strap must be set into the chord member to a depth which will provide for the horisontal component of 
26,670 Ib. in bearing on the end fibers of the material. Assuming that one-half of the load is taken at the front end 
of the strap detail, and that the other half is taken by a lug at the rear end, the depth of notch required at each 
place is 86,670/2 X 1800 X 7.5 - 0.988 in. A 1-in. notch wiU be used, as shown in Fig. 170. 

The thickness ef the strap la determined by the conditions at the lug on the rear end. Considering the lug to 
be a cantilever beam which carries half of the horisontal component of the stress in the top chord member, and 
fttinining that thickness of the strap is ^ in., the bending moment to be carried by the strap is H X 18,885 
(1.0 -f 0.75) «• ll,70Oin.4b. This moment ooours on a vertical section at the point where the lug loins the hori- 
iontal iHsrtian of the atrej). Aff^^wilng that the strap Is made of steel for which the allowable working strass^ia 
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10,000 ]b pertq in , thf* r 0 quir<»d thickiieMis (6ilf/4/;?4 « (6 X 11,700/7.5 X 16,000)^^ ■•0.766 in. A^^*in.9tr»p 
7)4 in. wide will be used, arranged as shown in Fig. 170. It is necessary also to make certain tbat the net area of 
the strap is sufficient to act as a tension member. As the tension area required is 13,336/16,000 •■ 0.835 sq. in , 
the strap furnishes excess area. 

To hold the strap in place on the end of the top chord member, two H-in. bolts, placed about 4 in. center to 
center, will be used These bolts do not carry any definite stress, but experience has shown that the joint, to be 
effective, must have all of its parts held securely in position. Bolts of the sise adopted will be found to be ample 
for trusses of the sise under consideration 

The strap will be held in place on the lower chord member, partly by means of a block keyed in place, and partly 
by means of vertical bolts placed close to the face of the lug, as shown in Fig 170. An exact determination of the 
stress in these bolts can not be made. By assuming that the moment of the stress in the bolt taken about the edge 
of the wedge block is equal to the moment on the lug considered as a cantilever, an approximate determination of 

the bolt stress can be made. On this assumption 
the moment of the bolt stress is 11,700 in -lb , as 
calculated above. By scale from Fig. 170 the 
lever arm of the bolt stress about the edge of the 
wedge block is 1 in. The stress in the bolt is 
then about 11,700 lb. At 16,000 lb. per sq in., 
an area of 11,700/16,000 •■ 0 73 sq in is re¬ 
quired. Two T^-in bolts will furnish the required 
area. 

The length required on the surface 4*-6 to 
resist in shear the load brought to surface 4~6, 
and all details Oa the corbel and keys, are calcu¬ 
lated by the methods given for the design of Fig. 
160. All details of the adopted design are shown 
in Pig. 170. 

Fig. 171 shows a detail for joint a made up 
of structural steel plates and shapes. In this 
design the stresses in the top and bottom chord 
members are transferred to steel side plates by 
means of lugs riveted to the plates. The load is 
transferred from the side plates to the masonry 
walls by a shoe composed of angles riveted to a 
short piece of rolled channel. A detail of tha 
form shown in Fig. 171 is especially useful for 
trusses in which the distance from the intersection 
point of the center lines of members and the end 
of the truss is limited, as, for example, in struc¬ 
tures in which the walls are built up above the 
lower chord of the trusses. A long overhanging 
end detail of the form shown in Figs. 169 or 170 
could not be used in such cases, for the eud of the 
truss would project through the walls. 

As shown in Fig. 171 (a), the stress in the 
top chord member is transferred to the side plates 
by means of four lugs. The load on each lug is 
then 29,800/4 •■ 7450 lb. Since the allowable 
bearing pressure on the end fibers of the material is 1800 lb. per sq. in., and since the chord member is 5.5in. wide, 
the depth of notch required is 7450/1800 X 5.5 ■■ 0.753 in. A ^-in. lug will be used. As the amount of cutting 
to provide notches on the chord members is small, the 6 X O-in. section designed in Table 2 can be used. 

The lugs will be fastened to the side plates by rivets j^i-in. in diameters. From the tables of rivet values given 
in the chapter on Splices and ConnectioiUh—Steel Members, the value of a l^-in. rivet in single shear is 4420 lb* 
Hence, 7450/4420 «■ 2 rivets are required in each lug, as shown in Fig. (o). In order to provide room for these 
rivets, the lugs will be made 2>|^ in, wide. 

The distance between the lugs on the top chord member is determined by the shearing area required to resist 
the load on the lugs. Since the load to be carried by each lug is 7450 lb„ and since the allowable shear is 240 lb. per 
sq. in., the area required between lugs is 7450/240 ■• 31*0 sq. in. As the t<q> chord member is 6)4 in* deep, the dis¬ 
tance between the lugs most be 31.0/5.5 «■ 5.64 in. To allow for inequalities in material and uneven bearing on the 
logs, the dear distance between lugs will be made 7)4 in., as shown in Fig, (o). As the top chord member is in 
oampression, the shear area must be provided to ther^t the lug, or toward tb4 nFss of the truss. For the lower 
diord member, which is in tendon, the shear area must be provided to the left of the is, between the end 

of dm truss and the lug. The arrangement of lugs shown on Fig. <o) lor the lower chord mombsr provides more 
ahesr s^ between the lugs than Is required to cany the loads* The lua* plooed as shown in order to bind the 
firnibr to the chord member, 

Cm iMtaew ^ 11 m rid« pbtM f, MarraiMd tv n444w4 M • 

iWMabwa tiw tiM top Mmbw, ot V tlM> ^ nilM 
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applied loads. From Fig. 171 (a), the maximum unsupported length of plate at the top chord member is about 8 in. 
If l/r £s limited to 188» the minimum allowable r « 8/126 » 0.064 in. For a rectangle r « 0.289 d. Therefore, 
d 0.064/0.289 •* 0.22 in. Since it will be necessary to countersink some of the rivets in the rear face of the plate, 
in order to secure a smooth face, a plate at least ^ in. thick must be used, as shown by the dimexisions of counter* 
sunk rivet heads given in the chapter on Splices and Conneotions^Steel Members. 

Fig. 171 (6) shows the forces acting on one of the aide plates at a section where the d^th of plate is 10 in. 
The forces shown on section »-x represent the internal stresses. These forces are a shear of 7980 Ib., a thrust of 
6670 lb., and a bending moment about tiie center of gravity of the section of 14,900 X 1.7 + 6670 X 2.2 » 60,000 
in.-lb. The extreme fiber stress, which is compressive, occurs at the upper edge of the plate. The fiber stress is to 
be calculated from the formula given in Art. 100 for bending and direct stress, from which / » P/A ^ Mc/I m 
6670/10 X 0.376 -f 6 X 60,000/0.376 X 10* - 1780 + 8000 - 9780 lb. per sq. in. The effect of shear can be 
neglected, as in the case of ordinary beam design. Other sections were investigated, but fiber stress at section 
was found to be a maximum. Since the fiber stress found above is well within allowable limits, the N*in. plate will 
be adopted. 

The side plates are held in place against the chord 
members by means of bolts placed as shown in Fig. <o). 

Fig. (c) shows the forces acting on one of the lugs at the com¬ 
pression chord. These forces tend to cause a clockwise rota¬ 
tion of the lug. This rotation is resisted by bending in the 
side plates, by tension in bolt 1, and by compression on the 
side fibers of the timber at bolt 2. Neglecting the effect of 
the bending of the side plate, and assuming that the com¬ 
pression is concentrated at the bolt, the resisting forces are 
found to be 7460 X 0.625/3.6 - 1330 lb. Fig. (c) shows the 
conditions on which this equation is based. To carry this 
stress, H-^n. bolts will be used, arranged as shown in Fig. (a). 

At bolt 2 the side plate presses against the chord member 
with a force of 1330 ib. If the allowable bearing on the side 
of the chord member be assumed to be the same as for 
washers, the width of bearing required is 1330/412.6 X 5.6 
» 0.6 in. As the side plate extends l>i in. beyond the lug, 
proper provision has been made for the compression at this 
place. The lugs on the lower chord member are subjected 
to similar conditions. Fig. (a) shows the adopted arrange¬ 
ment of lugs and bolts. 

The details of the shoe are as shown in Fig. (a). Short pieces of X 3H' X H-in. angle are riveted to the 
side plates. As the maximum vertical reaction is 15,960 lb., and the rivets are in single shear, 15,960/4420 —4 
rivets are required. In Fig. (a) six rivets are shown in place. The sole plate is formed by an 8-in. 11.25-lb. chan¬ 
nel. The flanges of the channel are placed downward and provide resistance against horisontai motion, taking 
the place of the notch used in the design of Fig. 169. 

A modified form of the joint of Fig. 171 is shown in Fig. 172 In this design the side plates do not extend far 
enough along the lower chord member to include the shoe, which is fastened directly to the chord member. The 
stresses in the chord members are transferred to the side plates from which the combined loads are transferred back 
to the lower chord member and thenoe to the wall through the shoe. This arrangement causes a bending moment at 
the end of the lower chord member, and also causes vertical forces to be sent up which must be resisted by the bolts 
at A and B of Fig. 172 (a). From Fig. (a), the moment in the chord members is (15,960 — 2660) 7.25 <*96,500 in.-lb. 
Fig. (6) shows the side plates removed with all forces in position. To hold the plate in equilibrium under the 
action of the stresses in the chord members, forces P and Q must act as shown. These forces can be determined 
subjeot to the conditions that moments about any point outside of the plate must be sero, and that is equal to 
the vertical component of the top ofaord stress. Fig. (b) shows the resulting values. 

The design of this form of joint will not be oanied beyond this point. Design method for the determination 
of the sises of boHs required at A and B are given in tbe chapter on Splices and Connections—Wooden Members. 
The fiber streeaes in the chord member can be determined by the methods given for the design of wooden beams. 

Tbe arrangement of Fig. 171 is decidedly better than the one of Fig. 172; the former detail is therefore recom¬ 
mended, as the latter detail leads to very heavy beading and bolt stresses in the case of large structures* 

Fig. 173 shows a design for joint a in which a oast shoe is used. The horisontai component of the top chord 
strata, whkh Is 26,670 lb., la transferred to the bottom chord member by means of lugs set into the lower chord. 
The vertical component of the top chord stress is transferred to the lower chord member in bearing on its upper 
fibers. It la the uaual praetiee ia the design of a shoe of the form shown in Fig. 173 to assume that the bearing on 
inrlhee 2-4 is uailorinly distributed over the area of contact between the shoe and the chord member. This as- 
•ttntptiea hoMa tme only when XV, the vertleal component of the top chord stresa, ia applied at the center of the 
bearing area mi the chord member. In the caae under eonaideration, which is shown in Fig. 173, XV interaecta the 
Msfiiee 2*>4 at a pidiit in. from its oenter. The maximum bearing pressure therefore oceuxa at point 2. At 
other pobita the bemiiig preesurea are amaller than at 2, while at point 4 the direction of pressure ia upward. This 
pietsiire meat be reaiated by a boH, for upward pressures in iuch details can not be resisted directly by the 
tu^daee 2-4* The prineiplea cd desitn are sindlar to those outlined for the deaigp of the column footings given in 
i/m ehiu^r on tho DetaiM Detim* of a Hoof Truss with Xnee-braoea. 
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Am thown in Fiff. I7d» the top obord member bears directly on a flat base 1 in. thick which is supported by two 
srebSt one on each side of the casting. This base can be designed as a beam lixed at the ends by the side web 
plates. The adopted thickness of base is somewhat greater than required by the stresses. It was made IH iA* 
thick in order to secure a rigid connection at this point. The top chord member is held in place on the shoe by 
two side plates, and by means of a short lug set into the end of tne member. In this design the 6 X 6-in. pieces 
called for in the design given in Table 2 can be used, as the bearing area on the end of the chord member and the 
net area required for the lower chord member are furnished by the arrangement shown. 

The vertical lug on the roar end of the shoe is made twice as deep as the one at the front end, as shown in 
Fig. 173. This is done in order to reduce the required shear resisting area in front of the shoe. Assuming that the 
rear lug takes H of the horizontal force and that the front lug takes the balance, the load at the front lug is H X 
26,670 8890, and the load at the rear lug is 17,780 lb. Since the allowable bearing on the end fibers of the mate¬ 

rial is 1800 lb. per sq. in., and the chord member is SH ih* wide, the depth required for the front lug is 8800/1800 

X 6 5 B 0 898 in., and for the rear lug, a depth of 17,780/1800 
X 5.5 •> 1.80 in. is required. The front lug will be made 1 in. 
deep, and the rear lug will be made 2 in. deep, as shown in 
Fig 173 (a) 

The position of SV, the vertical component of the top chord 
stress, can be determined as soon as the depth of the lugs is 
fixed. As shown in Fig. (o), ZH and ZV intersect on the center 
line of the top chord member. To locate the line of action 
of ZHt take moments about surface 2-4, from which x 

8,890 X 0 5 + 17,780 X I ^ . 

- 8 890 Vl7 7 ^-* 0.833 in. Having given the line 

of action of 2H, the position of ZV can be determined by a 
layout of the joint, from which it will be found that ZV lies 3.8 
in. from the intersection of the center lines, as shown in Fig. (a). 
The distance from the front lug to the end of the chord 
^ SJ* ^ member is determined by the length required to develop a 

shearing resistance of 8800 lb. For a working shear stress of 

-_IJ ^ distance required is 8890/5.5 X 240 •» 

^^4—. iJ—^ aa so/d 6.74 in. The length provided furnishes some excess area. Since 

* ^ shearing area required for the rear lug is twice as great as 

Section 2-3 front lug, the adopted dimensions provide excess 

area. As the shear area for the rear lug is below that for the 
t*-;——-H front lug, tho entire distance from the rear lug to the end of the 

j« ^ ” ^ chord member can be counted on as shear area if necessary. 

3 "" “7? Y" fK. The thickness of the lugs is determined by their strength 

^ j;_^ ^ moo lb I lJ as simple cantilever beans. It will be found best to make the 

\ *i;;r V Jy casting either of cast steel, or of malleable cast iron. For these 

^ ^ materials the fiber stress in bending can be taken as 7500 lb. 

Section 4-6 mootb^^ ordinary cast iron is used, for which the allowable 

bending stress is about 3000 lb. per sq. in., very wide lugs would 
Fig. 173. be required, resulting in a heavy, awkward casting. The 

stronger material will therefore be used. 

At the rear lug, the moment to be carried on the surface 4-5 is 17,780 XI** 17,780 in.-lb. The thickness 
required, using a working stress of 7500 lb. per sq. in., is (6Af/&/>H » (6 X 17,780/5.5 X 7500)^ ■* 1.61 in. A 
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iug will be used. For the front lug, the moment tolie carried is 8890 X 0.5 4445 in.-lb., and the thick¬ 

ness of lug reouired is (6 X 4445/5.5 X 7500) H « 0.805 in. A lug will be used. 

Figs. 173 (5) and (c) show sections of the body of the shoe. As shown by these sections, the body of the shoe 
is formed by a 1-in. bearing plate which rests directly on the lower chord member. This base plate is strengthened 
by aide web plates. The height of these side web plates is varied to suit the stress conditions for which provision 
must be made. ' 

Fig. (b) shows the conditions which determine the sise of the body of the shoe on section 2-3, close to the front 
lug. The thickness of the bed plate can be determined by assuming that it acts as a simple beam supported by the 
aide webs. Neglecting the supporting effect of the log, and assuming that the load to be carried is equal to the 
maarjimim allowable bearing value of the timber, which is 330 lb. per sq. in., and that the span of the bed plate is 
the distanoe between the centers of the vertical web pUtes, we have for a 1-in, strip, a moment of M H'**>I* 
» M X 330 X 4.5* -> 835 in.-lb. For a fiber stress of 7500 lb. per sq. in., as assumed above, the required thiek- 
ness of base plate is d •* ■■ (6 X 835/7500 X 1)^ » 0.818 in. A 1-in. base plate will be used. 

The depth of the side webs must be great enough to provide for the stresses due to the loading eonditions 
shown in Fig. (b)» From this sketch it can be seen that section 2-3 is subjected to a thrust of 8800 lb<» and a mo¬ 
ment of 8890 (0.85 -h 0.5) 12,130 in.-lb. This force and moment act at the center of gravity of the section, 

whidli can be located by the methods explained in Beet. 1, As this is a case of combined stresses, the formula 
/ F/A ± Ue/1 will be need. This formula is derived imd its application explained in the chapter on Bending 
Mid IHreet 8trw For the conditions shown in Fig. (6), the fiber stress at point 2 is /t P/A •f Mefl m 8820/8 
4- mi80 X 0J5/2.W • 45001b. per (comp.) and at potot 8 the fiber stress ie/t •• P/A - Me/t - 8890/8 
*-124aO0C 1.4<J/i90 • 4680 Ib, per sq. in. (teni;>. Kg. («) shows a section at 4-6, near the rear tug. For the 
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loroea »nd dimensioua shown it will be foundf by the Mzne methods as used for section that the fiber stress at 
point 4 is 6240 lb. per sq. in. compressive, and that at point 6 is 5740 lb. per sq. in., tensile. As all of these fiber 
stresses are within the allowable value of 7500 lb. per sq. in., the Beotions will be adopted. 

The lengtn of the bearing surface between the shoe and the chord membor—that is. surface 2-4 of Fig. 
is determined by out-and-try methods. If possible, the shoe should be located so that the vertical component of 
the top chord stress, shown by 27 in Fig. (a), acts at the center of the bearing surface 2-4. When this can be done, 
the bearing pressure over the surface 2-4 is uniform. In the truss under consideration, the angle between the chord 
members is small and a shoe arranged as described above would not be as compact as desired. It will be necessary, 
in order to secure a well proportioned shoe, to place the center of the bearing surface behind the line of action of 
27. This will result in an unevor distribution of the bearing pressure between the shoe and the chord member. 
As there will probably be upward pressures near point 4, a bolt will be provided to resist the total upward force. 
The distance between the top chord seat and the rear lug will be made just sufficient to allow a bolt to be 
inserted, as shown in Fig. (a). 

A length of hearing on line 2-4 of 10 in. will be assumed. The bearing stress on this area can be determined 
by the methods given in Art. 165. From eq. (3) of the article mentioned, with P S7 « 13.335 lb.; h » 6.5 in.; 
d - 16 in.; and e « 2.8 in.; we have pa - P/hd (1 + 6«/d) »»(13,335/5.5 X 16)(1 -f 6 X 2.8/16) 151.5 (1 -f 

1.05) «>« 310 Ib. per sq. in. Sinoe this bearing value is less than the allowable of 330 lb. per sq. in., the assumed 
length is sufficient. 

Sinoe the term 6e/d in the above equation is greater than unity, it is evident that tension exists at point 4, 
although, as indicated by the low value of the term (1 — 6e/d), this tension is vei y small. From eq. (5) of the article 
mentioned above, the total tension in the bolt at the rear lug is T »» Pd/24e (Ot'/d — l)s (13,335 X 16/24 X 2.8) 
(6 X 2.8/16 — l)a « 7.95 lb. The ^^-in. bolt is much too large, but it will be used. 

A corbel similar in form to the one shown in Fig. 169 will be used with the design under consideration* All 
details of the casting and the corbel are as shown in Fig. 173 (a). 


Design of Joint f .—Joint details for point / can be arranged as described for joint h. Fig. 
174 shows three forms of joint details for joint/. Fig. (a) shows a design for notching, Fig. 

(b) shows a bent strap design, and Fig. (c) shows a 
cast-iron shoe. A plate washer is shown on the lower 
end of the vertical c-/. This washer is designed by the 
methods used for the washer at joint d and shown in 
Fig. 167. 




Joint 9 
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Design of Joint g ,—The lower chord of a wooden roof truss is usually spliced at the center 
potnt, which» in the truss under consideration, is joint g. Two designs will be given in detail 
for the tension splice required at this point. One design will be worked out for a tabled fish 
plate splice constructed entirely of wood, and another will be worked out using steel side plates 
and bolts. Design methods for these two forms of splices are given in the chapter on Splices 
and Connections—Wooden Members. 

Fig. 175 shows a tabled fish plate splice of wooden construction. This splice is composed 
of two Wooden plates with lugs which fit into recesses cut into the sides of the lower chord mem* 
bet. The design of the splices consists in the determination of the net area required for the 
ijpUee plates spd for the recessed portions of the lower chord member; the determination of the 
bearing area lequM between the splice plate and the ehmd member; the determination of the 
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shearing area required on the projecting portions of the splice plate and the chord member; and 
the provision of bolts to hold the splice plates in position. 

Since there are two splice plates^ and since the total load to be carried is 21,300lb«, the net 
area required in the body of each splice plate is 21,300/2 X 1050 » 0.45 sq. in. Assuming the 
width of the splice plate to be 5.5 in., the thickness required is 0.45/5.5 » 1.17 in. As the load 
on the splice plate and the chord member act directly on the end fibers of the material, the 
allowable bearing value is 1800 lb. per sq. in. The width of bearing required is then 21,300/2 
X 5.5 X 1800 a 1.08 in. A 3 X 0-in. piece, actual dimensions 2^ X 5)4 in., can be used 
as a splice plate. As shown in Fig. 175, the lugs will be made iKe in. deep, and the thickness 
of the splice plate at the center will also be made IJfe in. This arrangement will provide 
ample net and bearing areas. 

The length of the lugs required on the splice plates and on the end of the chord member is 
determined by the shearing area required to carry a load of K X 21,300 « 10,650 lb. For a 
working shearing stress of 240 lb. per sq. in., the length of the lug required is 10,6^/240 X 5.5 « 
8.07 in. To provide for possible defects in the material, the lugs will be made 12 in. long, as 
shown in Fig. 175. 

Since the load to be carried by the splice plate is applied in. from the axis of the plate, 
a moment is set up which tends to rotate the lug from its seat on the chord member. The 
amoimt of this moment is 10,650 X 1.3125 « 14,000 in.-lb. To hold the lug in its seat, a bolt 
will be placed through the splice plate and the chord member, as shown in Fig. 175. An ap* 
proximate estimate of the stress in this bolt can be made by dividing the moment calculated 
above by the distance from the point of contact between splice plate and chord member to the 
bolt, which in this case is 6 in. Neglecting the effect of the resisting moment developed by 
the body of the splice plate, the stress in the bolt is 14,000/6 » 2330 lb. For a working 
stress of 16,000 lb. per sq. in., the required area at the root of thread is 2330/16,000 « 0.147 
sq. in., which is furnished by a ?^-in. bolt. Standard washers on the ends of this bolt will pro¬ 
vide proper bearing area on the side fibers of the splice plate. 

The net area of the chord members on the line of the bolt must be investigated. Since the 
depth of the cutting on each side of the main member is l^e iu., as shown in Fig. 175, the net 
width of member is 5.5 — 2 X 1.3125 * 2.875 in. Assuming the hole for the bolt to be in. 
in diameter, the net depth of the chord member is 5.5 — 0.75 ** 4.75 in. Hence the actual net 
area of the chord member is 4.75 X 2.875 = 13.65 sq. in. The net area required, as shown in 
Table 2, is 21,300/1650 » 12.9 sq. in. Therefore, as shown by the above calculations, the 
splice is sufficient in all of its details. 

As shown in Fig. 175, two diagonal web members and a vertical tension rod enter joint g. 
The load in the tension rod is transferred to the chord member by means of a plate washer on 
the under side of the chord member. This washer is designed by the methods used for the 
washer at joint d, except that the allowable bearing pressure for the chord member at ^ is 
determined for the side fibers of the material, a value which is somewhat smaller than for 
joint d. However, it will be found that the two washers can be made cd the same dimensions. 

The two web members entering joint g are shewn as seated on a wooden block set into the 
top of the chord member. Ample bearing area is provided by the arrangement shown in Fig. 
175« Since the wind stress in one of the diagonals is 3520 lb., and that in the other is sero, as 
given in Table 1, the bearing block must be notched into the chord member in order to hold 
the diagonals in place. A force diagram will show that the component of the wind stress paialle! 
to the chord member is 2380 lb. For an allowable bearing of 1800 lb. per sq. in., the bearing 
area required is 2480/1800 » 1.38 sq. in. If the bearing block is made the full width of the 
chord membor, a notch 1.38/5.5 ”*> 0.251 in. deep is required. As shown in Fig. 175, a 
notch is provided^ for a shallower notch would not be effective. 
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wBio binding momenta on pina for nn nUownble fiber atreaa of 24,000 lb. per aa* tbe anle bending moment li 
2850 ln.«lb. for e l*in. bolt, end 3350 in.-lb. for a iH-ia. bolt. Therefoie, aeven 14 tt. bolts, or five bolts 

are required. To aeoure a eompaot Joint, five IH-in. boHa will be used. Before this number of bolta k finally 
adopted, tbe bearing pressure exerted by the bolts on the timber and on the steel aide plates must be examined. 
For an allowable working bearing value of 1200 lb. per aq. in. for bolta bearing on the timber, the area required for 
each bolt la 21,300/5 X 1200 ■■ 3.53 sq. in. The bearing value provided by a IH-in. bolt is 5.5 X 1.135 6.19 sq. 

in. For the side plates, the allowable bearing value on the steel plate is 24.000 lb per sq. in., and the bearing area 
required for each bolt is 21,300/5 X 24,000 » 0.178 sq. In. The bearing area provided by two >4-in side plates on 
each bolt is 2 X 1.125 X 0.25 * 0.56 sq. in. As the assumed 
bolts are safe in bending and bearing, they will be adopted. f Hi % 

Fig. 176 (a) shows the arrangement of the bolts. Net areas ^ * 

on sections x~x and y-y must be investigated before this arrange- I ^ Tj 

ment is adopted. At section the net area required is —-^ 

21,300/1650 12.9 sq. in. Assuming that the bolts fit the holes 

exactly, the net area of the chord member at section x-x is (5.5 - 
1.125) 5.5 a* 24 1 sq. in. At section y-y, the stress in the chord 
member is 4/5 X 21,300 17,050 lb.; the net area required is 

17,050/1650 »» 10.32 sq. in., and the net area provided is (5.5 — 

1.125 X 2) 5.5 -• 17.9 sq. in. The net areas provided are there¬ 
fore sufficient. 

The distance between bolts, and the distance between the 
end of the chord member and a bolt is determined by the shear ^ 

area required to develop a resistance equal to the load on a bolt. 

From Fig. 176 (a), the required distance between bolta for a 176 

shearing stress of 240 lb. per sq. in. is 21,300/5 X 5.5 X 2 X 240 

1.01 in. As shown in Fig. 176 (a), the adopted bolt spacing exceeds the required spacing. The adopted 
spacing was uschI in order to avoid interference between the first set of bolts and the bearing block for the 
diagonal members. Six-inch spacing was adopted for the other bolts in order to secure a neat looking Joint. 
All of the details of the bearing block for the diagonal members and washer for the vertical tension rod are the 
same as shown on Fig. 175. 

Joint Details for Trusses with BuiU^up Members. —In some cases truss members are made 
of built-up members composed of planks placed side by side and bolted together to act as a 
single piece, as described in Art. 146 for the top and bottom chord members of the truss under 
discussion in this chapter. Joint details for such members can be made up along the same 

lines as those given above for members composed of single sticks. 
In any ease, it is well to provide excess bearing areas at all points 
ill order to allow for possible defects in workmanship and in ma- 
terials, due to the fact that the bearing surfaces are composed of 
\ several parts which must work together, each taking its propor- 

. I 177 shows arrangements of built-up joint details for joints a and d. 

y'* .... In Fig. (a) is given a detail for joint o. A design is given in Art, 145 for a 

bottom chord member composed of five 2X8 in.-plank. A top chord seetioii 

" ■'! .■T’-r-z iza glie ^ 1 { be used in this detail. As shown in Fig. (a), three of 

;' .. p. the top chord plank and two of the lower chord plank are out away, and the 

remaining pieces are fitted together to form a joint. The parts are held 
together by means of bolts which can be designed by the methods given in the 
chapter on Splices and Connections—Wooden Members. Fig. (6) shows a form 
of joint for the apex of tbe truss. 

DeUnU of Pwlin Connections.—In Art. 127 there is given a 
I general description of the forms of purlin eonneotions in genersl 

I use. For the truss under consideration, a strap hanger of the 

^ form shown in Fig. 146 (ft) of the above-mentioned article wiH be 

ni wd , Standard sises of strap hangers are given in trade cata¬ 
logues, frwa which it will be found that a 8 X ?^-in. strap is required for a 6 X 8-ia. purlin. 

It will be assumed that the purlin is to be placed with its lower edge on the ^e level as 
tin lower noe of the top ohtodmmnber. Since the pmlin as desired in Art. 144i8a6 X 8-in. 
Mctioa. aotual deoth 7H ia., and the top chord member, as designed in Table 2 of Art. 148, 

X •dtt.atotkm, aotual doptii 8 in., tbe purlin proieota 2 in. beyond the top of the chord 
witMwre to Wg. m (o). ISieS X J<-4a.ft»pl«i«ariaheMlniK>dllonoattoo^ 
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member by lag screws. In locating the purlin at joint b, it is desirable that the purlin be placed 
with its center at the intersection of the center lines of the truss members. It may not be possi¬ 
ble in all cases to do this, because of interference between the washer and the strap hanger. The 
purlin will be placed as close to the desired position as the conditions will permit. 

Fig 178 (6) shows a detail for joint d, the apex of the truss. A single 
purlin of the same sise as for joint b is used at joint d. The purlin at d is 
placed in a vertical position and is held in place by a strap hanger which is 
supported by blocks fastened to the chord member by means of lag Bcrewa, 

The designs for joint a shown in Figs 189 to 173 can be arranged without 
the use of a purlin In place of a purlin the masonry can be built up between 
the trusses, and a wall plate provided on which the rafters are seated. If a 
purlin is desired at this point, a detail can be used of the form shown in Fig. 
146(d), p 459. 

147. General Drawing and Estimated Weight.—In Pig. 179 
there is shown a general drawing of the truss designed in the pre¬ 
ceding articles. It will be noted that the joints shown on this 
drawing are made by notching one member into another, and 
that the structure is practically an all-wood construction. 
These details were shown because they are of the type generally 
used for wooden trusses, and because they are readily designed, 
easily constructed, and a thoroughly practical, reliable structure is 
obtained, when such details are used. 

An approximate estimate of weight will be made for the truss shown on Fig. 179 in order to 
check up on the dead weight estimated by the formula of Art. 142 and used in the calculation 
of stresses in Art. 145. In estimating weights, it was assumed that Western Hemlock weighs 
3 lb. per foot board measure, and that steel and cast iron weigh 490 lb. per cu. ft. Weights of 
steel rods were taken from the steel handbooks. 



Fia. 179, 



Oxkir^ 


total woisbt of tho trww wm found to 169& lb., diirided m follows: main mmUan, lb.l itwl 
lb.*, oM oMt wnohofs, 100 lb.; bolts atui dowol pins, 75 and strap bangeii, 90 lb. Ofnoa tba U 
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actual truss weight per sq. ft. of horisontal covered area is then ^**^00 2.12 lb. From Art. 144 the weight as 

estimated by formula is 2.42 lb. per sq. ft of covered area. The estimated weight is therefore about 14 % in excess 
of the actual weight. However* as brought out in the discussion on dead weight formulas given in the chapter on 
Hoof Trusses—General Design* this difference between actual and estimated weight is not great enough to warrant 
a recalculation of the dead load stresses. The design as given in the preceding articles will therefore be considered 
as final. 



DETAILED DESIGN OF A STEEL ROOF TRUSS 

By W. S. Kinnb 

148. General Conditions for the Design.—A complete design will be made of the steel roof 
trusses for a building with masonry side and end walls. It will be assumed that the layout of the 
building^ as determined by other considerations, is as shown in Fig. 180. A roof covering con¬ 
sisting of wood shingles on plank sheathing will be used. The structure will be assumed as 
located in the Central States. It will be designed for a minimum load capacity of 40 lb. per 
sq. ft. 

The general requirements governing the design of 
the steel work will conform to the standard practice for 
this type of structure. Working stresses for steel will 
be 16,000 lb. per sq. in. on the net section of tent-ion 
members, and 16,000 - 70 l/r lb. per sq. in. on the gross 
area of compression members (I = length of member in 
inches, and r = least radius of gyration of section in 
inches). The limiting slenderness ratio for compression 
members will be l/r = 125 for main members and l/r = 

150 for bracing. It will be assumed that the trusses 
are not exposed to moisture or corrosive gases, so that the minimum thickness of material 
can be taken as in. All members carrying calculated stress will be made of two angles, 
the member and joint details to be arranged according to the discussion given in the chapter 
on Roof Trusses—General Design. 

Rivets will be taken as in, in diameter, and rivet holes will be punched Ke in. larger 
then the rivet diameter. In calculating net areas of tension members the diameter of rivet 
holes will be taken ^ in. larger than the rivet, or in. Working values for shop rivets will 
be based on 10,000 lb. per sq. in. for shear, and 20,000 lb. per sq. in. for bearing; corresponding 
values for field rivets will be 7500 and 15,000 lb., respectively. 

The smallest angle leg which will hold a ^-in. rivet is usually taken as 2H in. Where an 
angle leg does not contain rivets, a 2-in. leg can be used. No reduction in section area will be 
made where angles are connected by one leg only, except the usual reduction for rivet holes. 

Working stresses for wooden sheathing will be taken as 1000lb. per sq. in. for bending. The 
bearing on masonry walls will be 200 lb, per sq. in. Purlins will be made of rolled steel sections. 
To avoid excessive deflection, the adopted section will be limited in depth to Ho of the span. 

149. Type and Fonn of Truss.—The type and form of truss to be used, and the spacing 
of the trusses will be determined by a consideration of the principles outlined in the chapter on 
Roof Trusses—-General Design. As a shingle roof is to be used, the minimum desirable roof 
pitch is This is also the pitch which will result in the most economical structure. It will 
therefore be adopted. 

From Fig. 180, the distance between walls is 49 ft. If it be assumed that the end bearing 
plates are to be 12 in. long, the effective span will be 50 ft. Since the adopted pitch is the 
height of the truss will be = 12.5 ft., as shown in Fig. 181. The length of the top chord 
member is (25* -f 12.6*)^^ 28 ft. If the top chord members be limited in length to rfjout 

8 ft., it will be necessary to divide the top chord into four parts, each ft. long. ^ From 

Rg. 144, p. 455, a concrement form of truss is offered by the compound Fi^ truss of Rg. (5), 
or by the four-penel Pratt truss of Fig. (k). Of these two forms of trusses, it will be found thst 
lor potato the center of the epan the Fink truss can be made up with shortermembers than 
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those needed for the Pratt truss. As shown by the tables of stress coefficients given m the chap* 
ter on Roof Trusses^-Stress Data, the stresses in the members of the Fink truss are a little 
larger than those in the Pratt truss. Everything considered, however, it seems best to use the 
. Fink type, as shown in Fig. 181. 

The economical spacing of trusses, as given in Art. 124, is about ^ of the span length, or in 
this case, 12.5 ft. From Fig. ISO, the distance of end walls is 90 ft. If the truss spacing be 

made 15 ft., there will be 6 bays and 5 trusses re* 
quired. Where 7 bays are used, the truss spacing 
will be about 13 ft. As economical conditions favor 
long truss spacing, the arrangement shown in Fig. 
180 will be adopted. 

150. Loadings.—^As stated in Art. 148, the 
structure is supposed to be located in the Central 
States. The snow load for this region, as given in 
the table in Art. 136, is 20 lb. per sq. ft. of roof 
surface. For this section of tlie country, the unit wind pressure is generally taken as 30 lb. 
per sq. ft. on a vertical surface. From the table of wind pressures given in Art. 135, the 
intensity of normal pressure on a one-quarter pitch roof is 22.4 lb. per sq. ft. of roof surface. 

The dead weight of the truss will be estimated by means of one of the weight formulas given 
in Art. 134. From the Carnegie Handbook formula, for 40-lb. capacity, the weight is given as 

0.2(VSO + 0,125 X 50) = 2.7 lb. per sq. ft. of horizontal covered area. 

Assuming the weight of the bracing to be 0.8 lb. per sq. ft., the total dead weight of truss and 
bracing will be 2.7 -f 0.8 = 3.5 lb, per sq. ft. of horizontal covered area. 

The weight of the roof covering can be estimated from the table given in Art. 133. Shingles 
weigh about 3 lb. per sq. ft. of roof, and the sheathing, which will be hemlock, will weigh about 
3 lb. per sq. ft. of roof per inch of thickness. 

151. Design of Sheathing.—The thickness of the sheathing can be determined from Table 
2, p. 458. Thus for a roof of 40-lb. capacity, as assumed in Art. 148, Table 2 shows that for a 
slope of 6 in. per foot, which corresponds to one-quarter pitch, the limiting span of 1-in. sheath¬ 
ing is 6.84 ft. for a fiber stress of 1000 lb. per sq. in. This is but slightly less than the distance 
between top chord panel points, as shown in Kg. 181. The value given above is the limiting 
span for bending, as deflection is not limited for shingle roofs. Although material 1-in. thick 
can be used for sheathing as far as stress conditions are concerned, it is not considered good 
practice to use such thin material for long spans. It is advisable to use 2-in. material, which 
will be adopted. 

A. more exa^ design of the ehesthing can be made by ooneidering the eombiaatione of loads aeting on the 
eheathing. These combinations are similar to those mentioned in Art. 137. They are: (a) dead load and anow 
load; (b) dead load, minimum snow load, and maximum wind load; and (e) dead load, maximum snow load, and 
minimum wind load. The dead load is the weight of the shingles and of the sheathing, which will be a^umed to be 
2 in. thick. At 3 lb. per ft. B. M., the sheathing weighs 6 lb. per sq. ft. of roof 
From Art. 160, the maximum wind and snow loads are reepeotively 22.4 and 20 
lb. per sq. ft. of roof surface, the wind load acting normal to the roof and the 
anow load acting vertical. Minimum snow load will be taken as one-half of the 
maximum, and minimum wind load will be taken as one-third of the maximum. 

Tbe allowable fiber stress for the sheathing will be taken as 1000 Ib. per sq. 
in. As mentioned in Art. 136, the wind load Is an occasional loading and the 
workiitg streesea can be modified acomdingly. It will be assumed that the 
wixrkiag stress for wind loading, when combined with stresses due to direct 
loading, is increased 60%. This can be taken into account by reducing the 
iidnd load by is, by using a unit wind load of 20 Ib, per sq. ft. The 

^Minnal load ^ a roof of H pitoh is then 14.0 lb. per sq. ft. this load can ba 
oaaibiiiad urHh thoas lor dead and snow load, and a waking sireas of 1000 lb. Fia. 132. 

per ath in. aiipiied to the resulting nioment. 

fqdsiigii^ the sheathlnf, it will be aseumed to aoi aa n beam euppartsd by purfihaplaoad at the top ehoiNl 
lobthiofiae trust, is shown In Fig. 181, tbepurttim are iqiaoed 7 ft ipari, Obteetheshaalhhighicottthiuouitw^ 
iltlfpNh|4^beass«imadthatffiemattotmm fbaloa^ffAH 

it wm bsvassuuisd that tho i p ui ia ui 'ici 
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carri«d by tbA to due to tb« normal loacto; ibe oifoot ot oomponente paraltol to tbe aboatbiag will b# Xhmr^ 

tooted. 

Tbo total vortical load for the combination of case (a) to 8 lb. for Bhisclooi 6 lb. for ihoatbinsi and 80 !b« foi 
snow* a total of 29 lb. Ao abown in Fig* 182* the roof surface forms an anido of 26 deg 34 min. with the horiscmtal. 
The component perpendicular to the roof to then 29 X cos 26 deg. 34 min. 29 X 0.805 m 25.0 lb. per aq. ft. 
of roof. For case (b), which to shown in Fig. 182, the vertical load to 3 lb. for ehingles, 6 lb. for sheathing, and 10 
lb. for minimum snow load; a total vertical load of 19 lb., for which the component perpendicular to the roof is 
19 X 0.895 •* 17 lb. The wind load normal to the roof to 14.9 lb. Hence the total normal load to 17,0 + 14.9 * 
31.9 lb. In the same way it will be found that the total normal load for case (c) to 30.9 lb. Case (b) therefore gives 
the maximum normal component. 

The maximum moment to be carried by the sheathing due to the normal loads to then AT ^ Ho X 

31.9 X 7* X 12 « 1875 in.-lb. For a rectangular section the fiber stress to given by the formula / ■■ Mc/I 
QM/bd*. Considering a section of sheathing 1 ft. wide and 2 in. thick, we have 

^ 6 X 1875 

" i2^2'>r2 " 

As the allowable fiber stress to 1000 lb. per sq. in., the sheathing is stronger than necessary. To conform to the 
general practice, the assumed sheathing will be uscmI. 


162. Design of Purlins.—Purlins are designed by the methods outlined in the chapter on 

Design of Purlins for Sloping Roofs in Sect. 2. As the sheathing is quite rigid, it mil be as¬ 
sumed that the purlins carry only the components of loads perpendicular to the roof surface. 
The combinations of loading will be the same as for the design of the sheathing. From the 
preceding article the maximum component of normal loads is 31.9 lb. To this must he added 
the weight of the purlin, which will be assumed to be 1.3 lb. per sq. ft. normal to the roof. The 
total normal load is then 31.9 -{- 1.3 » 33.2 lb. Since the trusses arc spaced 15 ft. apart, the 
area carried by a purlin is 7 X 15 = 105 sq. ft. of roof surface. The total uniformly dis¬ 
tributed load for a purlin is then 33.2 X 105 ** 3486 lb., and the moment to be carried, 
assuming the purlin to be a simple beam between trusses, ia M — X 3486 X 16 

X 12 « 78,500 in.-lb. For an allowable working stress of 16,000 lb. per sq. in., the required 
I/c « 78,600/16,000 » 4.9 in.* From the handbooks, this is furnished by a T-in. 9^-lb. 
channel. The true weight of this section, in lb. per sq. ft. normal to the roof surface, is 
9.75 X cos 26® 3477 « 9.75 X 0.895/7 = 1.25. This is so close to the assumed value that 
the calculations will not be revised. 

163. Determination of Stresses in Members.—The stresses in the truss members are to be 
determined for the same combinations of loads as used for the design of the sheathing and the 
purlins. Two general methods of calculation can be used. In the first method, the dead and 
snow loads are taken as vertical forces and the wind load is considered as acting normal to the 
roof on the windward side. In the second method of calculation, dead, wind, and snow loads 
are represented by a uniform vertical load acting over the entire roof surface. As stated in 
Art. 137, this second method of calculation can be applied to trusses of the Fink type. The 
stresses thus obtained are practically the same as those obtained by the first method of 
calculation. While the first method probably more nearly approximates the actual con¬ 
ditions, the second method results in a considerable saving of time spent in stress calculation. 
For the truss under consideration both methods of calculation will be carried out and the 
results compared. 

The first step in the calculation of the stresses in the members is the determination of the 
panel loads. In the first method of calculation outlined above it will be found best to deter** 
mine the panel loads due to dead, snow, and wind loads separately. The resulting stresses 
can then be determined and the proper combinations made up to determine the maximum 


As stated in Art 161, the dead weight of the shingles and sheathing is a vertical load of 
9 lb. per sq. ft. oS roof surface. Sinoe the purlins are spaced 7 ft. apart, and the trusses ate 16 
ft apart, the roof area per panel is 7 X 15 « 105sq.ft The dead panel load due to the roofing 
i« then 9 X 106 946 ib« To this must be added tbe weight of the purlin and the estimated 

weight of the troM, From Art. 152, the adopted purlin is a 7-in. 9?i-lb. channel. As the 
weiQbtof one 16-ft purlin is carried to each top chord panel point, the dead load due to the 
fa 9^ X 16 • 140.6 lb. From Art 180, tbe estimated weight of the trues and 
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bracing was found to be 3.5 lb. per sq. ft. of horizontal covered area. As the span is 50 ft., 
and since there are 8 roof panels, the horizontal covered area per panel is 15 X ** 93.75 
sq. ft. The panel load due to the weight of the truss and bracing is then 93.75 X 3.5 - 328.1 
lb. Adding together these partial panel loads, the total dead panel load is: 945.0 + 146.3 -f 
328.1 ~ 1419.4 lb. A panel load of 1420 lb. will be used in the calculation of dead load stresses. 

The stresses in the truss members due to the dead panel load can be determined by the 
methods of stress calculation given in Sect. 1, or by means of the tables of stress coefficients 
given in the chapter on Roof Trusses—Stress Data. Col. 1 of Table 1 gives the calculated 
dead load stresses. 

From Art. 150, the snow load is a vertical load of 20 lb. per sq. ft. of roof surface. Since 
the roof area per panel is 105 sq. ft., the snow panel load is 20 X 105 = 2100 lb. The stresses 
due to this panel load can be determined by the methods outlined above for the dead load 
stresses. As the panel loads for dead and snow load are both vertical and are applied at the 
same points, the snow load stresses can be determined by ratio from the dead load stresses 
as given in col. 1 of Table 1. Thus if the dead load stresses be multiplied by the ratio of snow 
and dead panel loads, the resulting stresses will be the required snow load stresses. For the 
truss under consideration, the ratio of snow and dead panel loads is 2100/1420 =1.48. This 
ratio can be set off on a slide rule and the stresses calculated with sufficient accuracy for all 
ordinary cases. The snow load stresses for the truss under consideration are given in col. 
2 of Table 1. To assist in making up the combined stresses there is also given in col. 3 of 
Table 1 the stresses due to one-half of the maximum snow load. 

The wind pressure on the roof surface of a one-quarter pitch roof due to a unit pressure of 
30 lb. per sq. ft. is given in Art. 150 as 22.4 lb. per sq. ft. Where the working stress for wind is 
increased 50 % over that used for dead and snow loads, as in the case under consideration, the 
change can be made by a reduction in the intensity of the wind pressure corresponding to the 
increase in working stress. Since the working stress for wind is of that for the other loads, 
the intensity of the wind pressure can be taken as % of the value given for a 30-lb. unit pressure. 
A imiform working stress of 16,000 lb. per sq. in. can then be used for all loadings. 

The normal wind load per sq. ft. of roof corresponding to a working stress of 24,000 lb. 
per sq. in. is % X 22.4 = 14.9 lb. As the area of the panel is 105 sq. ft., the wind panel load 
is 14.9 X 105 = 1565 lb. The resulting stresses are calculated by the methods of Sect. 1, or 
by means of the wind stress coefficients given in the chapter on Roof Trusses—Stress Data. 
In calculating the wind stresses it will be assumed that one end of the truss is ffxed and that 
the other end is supported on a smooth plate on which it is free to slide. As it is generally 
assumed that the frictional resistance between smooth plates is zero, the reaction at the free 
end is vertical. The assumed end conditions are covered by Cases I and II of the wind stress 
coefficients for the Fink truss. The calculated wind stresses for wind on the left side of the 
truss are given in col. 4 of Table 1* In col. 5 the stresses for one-third wind load are given. 

The combinations of dead, snow, and wind load stresses for maximum stresses in the truss 
members are the same as given in Art. 151 for the design of the sheathing. These combinations 
are: (a) dead load, one-half snow load, and maximum wind load, and (5) dead load, maximum 
snow load, and one-third wind load. The maximum stresses for case (a) are given in col, 7 
of Table 1. They are obtained by adding the values given in cols, 1, 3, and 4. Values for case 
(5) are given in col. 8. They are obtained by adding values given in cols. 1, 2, and 5. 

Maximum Btresses m determined by the second method of calculation outlined above are given in ool. 9 of 
Table 1. The vertical uniform load which ie to represent the combined effect of wind and snow can be taken from 
Table 9, p. 469. For,a roof of one-guarter pitch located in the Central States, the load is given as 25 lb. per eg. ft. 
of roof surfeoe. The eguivalent load can also be estimated from the values for wind and snow given in Art. 150. 
To estimate this load, assume that the vertical component of the wind is combined with the snow load in the aame 
manner as for maxunom stresses in Uie first method of calculation. The vertical component of the wind load is 
14^9 X eos 29** 84^ = 13*4 lb. per sg. ft. of roof. If one-half of the snow load of 20 lb. per sg, ft. of roof be addect 
to this 10ad» there Is obtained an equivalent load of 23.4 lb. For maximum snow and one-third wind the eom- 
tdned load is 34 X 13.4 + 20 •• 24.4 lb. These values compare very well with the load of 25 lb. taken from the 
aliove mentioned table. 

Th^ for eguivalent vertical loadii^ is determined by adding to the panel load for the above load, 

As tim am M the toM panel k 105 sg. It., the panel lead for eoBdbhmd wM 
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and snow is 25 X 106 2625 lb. The dead panel load, as given above, is 1420 lb., and the total panel load ia 

1420 + 2626 »• 4045 lb. Col. 9 of Table 1 gives the resulting stresses, which were calculated from the dead 
load stresses of col. 1 by means of the ratio of panel loads, 4046/1420 - 2.846, which was set off on a slide rule and 
the stresses read directly. 

In some cases it is also specified that the roof shall be designed for a load capacity of not less than 40 lb. per 
sq. ft. of covered area. The specified capacity depends upon the service conditions and with the location of the 
structure, varying from 30 to 60 Ib. For the truss under consideration, the panel load will be 40 X 93.75 « 3750 
lb. Since this panel load is less than the one used for the calculation of the stresses given in col. 9 of Table 1, the 
resulting stresses will be smaller than those given in col. 9. In some cases these stresses may exceed the others, 
in which case they will determine the design. 

Comparing the stresses obtained by the two methods of calculation, as given by cols. 
7 and 8 for the first method, and by col. 9 for the second method, it will be found that, for top 
and bottom chord members, the stresses given by col. 9 are a little larger than those given in 
either col. 7 or 8, and that the stresses in the web members are almost identical in cols. 7, 8, 
and 9. The second method of calculation therefore gives practically the same results as 
the more exact first mehtod. The stresses given in col. 9 will be used as the maximum 
stresses for the design under consideration. 


Table 1.—Stbesses ie Members 
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load 
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■ 2 
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6 

7 
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ab 

-11,120 

-16.450 

-8,225 

-7,050 

-2,350 

-3,920 

-26,395 

-29,920 

-31,660 

he 

-10.490 

-15,500 

-7,750 

-7,050 

-2,350 

-3,920 

-25.290 

-28,340 

-29,850 

cd 

- 9,840 

- 14,i>50 

-7,275 

-7,050 

-2,350 

-3,920 

-24,165 

-26,740 

-28,040 

de 

- 9,210 

-13,640 

-6,820 

-7,050 

-2,350 

-3,920 

-23,080 

-2,5,200 

-26,230 

b/ 

dh 

- 1,270 

- 1,880 

- 940 

-1,665 

- 522 

0 

- 3,775 

- 3,672 

- 3,620 

eg 

- 2,540 

- 3.760 

-1,880 

-3,130 

-1,043 

0 
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- 7.343 

- 7,240 

q/ 

4- 9,940 
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4-7.360 

4-8.750 

4-2,920 

-h 688 

4-26,040 

4-27,560 

428,315 

So 

+ 8,520 

4-12,600 

4-6,300 

4-7,000 

4-2,334 

4- 688 

4-21,820 

4-23,454 

424,270 

oh 

4* 5,680 

4- 8,410 

4-4,205 

4-3,500 

4-1,167 

4- 688 

! 4-13,385 

416,257 

416,180 

Sc 

ch 

4" 1,420 

4- 2,100 

4-1,050 

4-1.750 

4- 583 

0 

4- 4,220 

4 4,103 

4 4,046 

gh 

4* 2.840 

+ 4,200 

4-2,100 

4-3,500 

4-1.167 

0 

•4 8,440 

4 8.207 

4 8.090 

he 

4- 4,260 

4- 6.300 

4-3,150 

4-5,250 

4-1,750 

0 

4-12,660 

412,310 

412,135 


+ tension. — *• compression. 


154* Design of Members. —The conditions for the design, as stated in Art. 148, contain 
the following references to working stresses: tension, 1C 000 lb. per sq. in. on the net section; 
compression, (16,000 — 70l/r) lb, per sq. in. on the gross section, l/r not to exceed 125. The 
minimum thif»lfwftgia of material is given as J-i in. All members carrying calculated stress are 
to be made up of two angles. Design methods for tension and compression members are given 
in Sect. 2. 

In making up truss members such as the top and bottom chord, which are continuous over 
several panels^ it is tbc usual practice to dc^n tbe member .fp/ the sectiDn of ma x i mu m stress^ 
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aad to uae the same section for the entire member. This is good practice, for it will probably be 
found that if the sections are changed to fit the stresses and splices made at each joint, the cost 
of the shop work on these splices will exceed the cost of the excess material required for con^ 
tinuous members. 

Trusses of small size can generally be shipped in one piece. All joints can be riveted up in 
the shop and the truss erected as a unit in the field. The limiting dimensions of fully riveted 
trusses are governed by the methods of transportation. It is generally specified that a truss 
or girder, which is to be shipped by train, must have one dimension not exceeding from 10 to 
12 ft. Trusses with a greater least dimension than that mentioned must be broken up into 
smaller parts. The truss imder consideration in this design will have a total height, which is 
its least dimension, of about 13 ft. It must then be broken up into smaller parts. For trusses 
of the type under consideration, it is usual to provide field splices at joints (/, e, and k of the truss 
diagram of Fig. 181. The least width of the pieces thus formed will be the distance along mem¬ 
ber 0 -^, which is about 8 ft. Continuous members will then be used for the top chord member 
a to c; the bottom chord from o to and the diagonal from g to c. Member g-k will he shipped 
as a single piece. 

I Design of Tension Members. —The maximum stress in the bottom chord member from a to 
g occurs in the section o-/, where the stress is 28,315 lb For a working stress of 16,000 lb. per 
sq. in., the required net area is 28,315/16,000 - 1.77 sq. in. An angle must now be selected 
whose net area—^that is, the area of the section minus the area of the rivet holes—^will provide 
the required area. As stated in Art. 148, the rivets are to be % in. in diameter, and the rivet 
jholes are to be made }4 in. larger, or % in. The area to be subtracted from the gross area of the 
'section m determining net area is then the tliickness of the material multiplied by The 
number of rivet holes to be subtracted from each angle in the determination of the net areas 
depends on the type of end connection used for the member in question. When an angle is 
connected by both legs, the area of two rivet holes should be deducted from each leg so con¬ 
nected, or the distance between the rivets in the two legs of the angle should be made such that 
it will be necessary to deduct but one rivet hole. Tables of limiting spacing for this condition 
are given in the chapter on Splices and Connections—Steel Members. 

Fig. 189 shows the details o! joint a as adopted for this design. The bottom chord member is shown as coi>^ 
nected by one leg. One nvet hole will then be deducted from each angle. Assuming two X 2H X K*in 
angles* whose gross area as given by the handbooks is 2 X 1 19 2 38 sq in , and d^uotmg one rivet hole from 

each angle, or a total of 2 X K X H ** 9 44 sq in * the net area exf the two angles is 2.38 — 0 44 1.94 sq in. 

As given above* the required area is 1.77 sq. in. The assumed section is therefore ample, and will be adopted. To 
assist in the determination of the net area of members, tables of areas to be deducted for vanous rivet sises and 
tl icknesses of material are given in Sect. 2. 

Member will be made the same as a-/. From Fig 188, it will be noted that the member is connected by 
b»th legs. Assuming two rivet holes deducted from each angle, the net area of the section is 2 38 4 X 0.22 «• 

1 50 sq. in. As shown in Table 2, the required net area is 24,270/16,000 >■ 1.52 sq. in. Smee the net area for two 
rivets deducted from each angle is practically the same as the required area, the rivets can be spaced as desired. 
If the proper area is not provided in any case, either larger angles must be assumed, or the distance between the 
rivets in the two legs ^ the angles must be such that only one rivet hole need be deducted from eich angle in 
determining net areas 

Fig. 190 shows another design for the joiot at a. It will be noted that member o-/ has rivets in both legs. 
Deducting four rivet holes from the assumed section, the net area is found to he 2.38 — 0.88 1.50 sq. In. The 

aistimed section Is too small. It will be found that a 2H X 2}i X He*in. angle will provide the required area. 
Bawmrt this section is somewhat heavier than the lightest of the 3-in. secrions. If a 8 X 2H X H-in. angle be 
easumsd* it wilt be lound that the net area with two holes deducted from each ani^ is 2 (1.31 - 2 X 0.22) m 1.74 
sq. which is sfrifident. This section would be adopted if the derign of IFlg. 190 were used. 

Membeis g-A and A-e are made continuous. Table 2 shows that 2|4 X 2 X angles are used. These 

angiss provide considerable excess area, but ftnm the conditions of the design, as given In Art. 148, they are the 
na^iimmn idiowabie angjes. The remaining tension members are dedgned by the meriieds sogdaihed above* Table 

2 eoniahiaall data hi convenient form. 

Ikriifn qf Cimp^sUm Members.---^mprmdon mmhm eae deatgaed by dulr«iid4ry 
rta a oJfc. *seetioais8i«m&«d, tiieidtcnrsbto wi»4dag»tnw«alettb^fMaD 

mtm lEttiBiila, tixe area ctetenUiiad, aad ttw leqfiiind aad jpinvkied fu«aa 0 mi)S«iwi. 

1ig ywBi^ a0eaonttadotitedgilieltfi»il«roy 

ati «aaet fit, bnt tb» areMduraUaM Ol&w ilUiirDmv tlMI 
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If the assumed section is insufficient, or if it provides excess area, the process must be 
repeated until the desired agreement is obtained. Gross or total section areas are used la 
the design of compression members; rivet holes are not deducted, as in the case of tension 
members. 






The top chord will be made continooue from o to <. As shown in Table 2, the maximum stress, which is 
31,860 lb., occurs in member a-6. Assume two 3H X 3 X M e-in. angles, placed as shown in Fig. 183. Since the 
allowable working stress depends on the ratio of length to least radius of gyration, the angles should be so placed 
that the radii of gyration for the axes OX and OF of Fig. 183 will be as large as possible, and also, the radii for 
the two axes should be as nearly equal as the conditions nvill permit. In this way a member is secured which has 
the same rigidity in all directions. This condition can best be realised by the use of angles with unequal legs placed 
with the longer legs back to back. In Fig. 183 the angles are shown separated by 
a small space. This is done to make room for the gusset plates at the joints, as 
explained in the chapter on Roof Trusses—General Design. For trusses of the 
sise under consideration, a ^-in. space is ample. 

The radii of gyration for angles placed as shown in Fig. 183 can be found in 
tables given in the steel handbooks. From such tables it will be found that the 
radii are 1.10 in. for axis OX and 1.35 in. for axis OF. From Table 2 the length 
of member o-6 is 84 in. Hence the ratio of length to least radius of gyration is 
l/r 84/110 » 76.6. Substituting this value of 2/r in the column formula of 
Art. 148, the allowable working stress is 16,000 — 70 l/r •= 16,000 - 70 X 76.5 » 

10,650 lb. per sq. in. The area required is 31,660/10,650 2.97 sq. in. From the steel handbooks, the area of 

the assumed angles is 2 X 1.93 3.86 sq. in. The assumed section is a little too large, but no other section of 

less weight per foot could be found that would bring a closer agreement between required and provided areas. 
It was therefore adopted. 

The top chord design as given above applies to members carr>'ing compression only. If the purlins are placed 
between the panel points, the top chord acts as a beam as well as a compression member. Design methods for this 
condition are given in Art. 158. 

Table 2 gives the design data for the other compression members. The design methods used are enctly the 
same as those given above for member u~b. Seotiozis of minimum size were adopted, consisting of two 2^ X 2 
X ^^-in. angles with the longer legs separated by a l^i-in. space. 


Fig. 1S.3. 


Table 2.—Design of Members 
e 



Member 

Stress 

Ob.) 

1 

(in.) 

r 

(in.) 

l/r 

/ 

(lb. per 
sq, in.) 

Area 
required 
(sq. in.) 

Section 

(in.) 

Area provided 

Gross 
(sq. in.) 

Net 
(sq. in.) 

ah 

-31,660 

84 

1.10 

76.5 

10.650 

2.970 

2 is. 3H X 3 X K, 

3.86 


he 


84 

1.10 

76,6 

10,650 


2 ll 3H X 3 X K. 

3.86 


ed 

-28,040 

84 

1.10 

76 5 

10,650 


2113HX3 X M« 

3.86 


de 

-26,230 

84 

1.10 

76.5 

10,650 


2l» 3H X 3 XHi 

3.86 


V-dk 

- 3,680 

42 

0.78 

53.9 

12,230 

0.296 

2 li 2H X 2 X H 

2.12 


C0 

- 74^40 

84 

0.78 

107,8 

8,460 

0.837 

2 ll 2K X 2 XH 

2.12 


0/ 

+28,815 




16,000 

1.77 

2 11 2« X 2H X « 

2.38 

1.94 

fu 

+24,370 




16,000 

1.52 

2 l> 2H X 2^ X H 

2.38 

1.50 

tk 

+16,180 




16,000 

1.01 

2 I* 2}< X 2H X K 

2.38 

1.50 

/chA 

+ 4,045 




16,000 

0.252 

2 It 2X X a X M 

2.12 

l«68 

gk 

+ 8,090 




16,000 

1 0.504 

2 It 2M X 2 X H 

2.12 

; 1.68 

ka 

+ 12,135 


.... 


16,000 

0.769 

2 It 2H X 2 XH 

2.12 

1,0S‘ 
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165. Design of Joints. —The general principles of joint design are given in the chapters on 
Roof Trusses—General Design, and Splices and Connections—Steel Members. Well designed 
joints arc just as important as well designed members. To secure good joint design, a few 
fundamental principles of design must be observed. The center lines of all members entering 
a joint must intersect at a common point. If the conditions are such that this can not be done 
provision must be made for the additional stresses due to joint eccentricity. All stresses should 
be traced through the joint, and proper connections made between all parts. Typical joint 
details are given in the chapter on Roof Trusses—General Design. 

In trusses of the size under consideration in this design, the angles are usually connected 
to the gusset plates by means of rivets through one leg only, as shown in Figs. 184 to 190 in¬ 
clusive. Theoretically, this is not good practice, for all of the stress is transferred to the 
gusset plate through one angle leg, resulting in excess local stresses. However, in small trusses 
the members generally contain more area than required for stress conditions, which assists in 
carrying the excess stresses. In larger trusses lug angles are riveted to the gusset plate and to 
the outstanding legs of the angles, thereby transferring the stresses from both legs of the angles 
into the gusset plate and avoiding excessive local stresses. 

The number of rivets required in the end connection of any member depends on the work¬ 
ing stresses for the rivets and on the method of making the connection to the gusset plate. The 
principles governing the design of riveted joints are given in the chapter on Splices and Con¬ 
nections—Steel Members. 

As stated in Art. 148, the working stresses for shop rivets are 10,000 lb. per sq. in. for shear 
and 20,000 lb. per sq. in. for bearing. Corresponding values for field rivets are given as 7500 
and 15,000 lb. per sq. in. respectively. Tables of rivet values are given in the chapter on Splices 
and Connections—Steel Members, and also in the steel handbooks. From these tables the 


single shear values of Hria. shop and field rivets are 4420 and 3310 lb. respectively. The bear¬ 
ing value of a rivet depends on the thickness of the gusset plate. lor trusses of the size under 



Fia. 184. 


consideration, a Jg-in* plate is usually ample. 
In any case the adopted thickness should be 
such that large gusset plates can be avoided. 
For a plate, the bearing of a J^-in. shop 

rivet is 5625 lb., and the corresponding value for 
a field rivet is 4220 lb. The design of the several 
joints will now be considered in detail. 

Joint b. —Fig. 184 shows the details of joint 5. 
The stresses in the members and the panel load at 
joint b are shown in position. As shown by the 
force diagram, the stress in member 6 -/is balanced 
by the component of the joint load perpendicular 
to the top chord, and the difference between the 
stresses in the top chord members and 5 -c is 
balanced by the component of the joint load 


parallel to the top chord. The complete design 


of the joint therefore consists in transferring the stress in member &-/ to the gusset plate and 


thaiee to the top chord angles; and also in equalizing the difference in stress between members 


0*6 and 6 -/by means of a purlin connection. 


Member 5*/, whose stress is 3620 lb., is connected to the gusset plate by shop rivets in bearing on the 
plate, the valite of these rivets, as given above, is 5625 lb. per rivet, and the number required to connect &*/ to 
the gaseet plate is 3620/5625 »» 1 rivet. Since a rigid connection can not be made with a Single rivet, it Is the 
geaeral praotioe to use not less than two rivets in any connection. Two rivets have therefore been ui^ in the 
oomieeUoa ahown in Fig. 134. 

the load to be tranriterred from the gusset plate to the top chord angles is equal to the stress In member W', 
toes Ihe ooodiiioiis are the same as for the oonnection between b-f and the gusset plate, two rivets wiH be used, 
■Si abown In 1^4184* 

the top ehord, is condmiow acrem j<dnt h. As shown by the foree diagram* the dlfisfoitse In 
gbnm atfjmbsrs o-5 and 6-e, wliloh is 31,660 20,360 •• 1,810 lb„ is balanoed by the eomponant of thO 
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joint load partial to the top chord. To equalise the stresses in a-b and 6-c, rivets capable of transferring J810 
from the purlin to the top chord must be placed in position. These rivets will be placed in the outstanding leg of 
the clip angle and in the flange of the channeh as shown in Fig. 1S4. The value of the connecting rivets is deter* 
mined either by their single shear value as shop rivets, which is 4420 lb., or by the bearing value on the leg of the 
Hs-ia. clip angle, which is 4600 lb. The single shear value governs, and only one rivet is required in the purlin 
connection. In order to make a rigid connection, it win be necessary to use two rivets in the clip angle and two more 
in the flange of the channel. Fig. 184 shows the complete details. Joint d is similar to joint hj the 
will bo used. 

Joint c, —^Fig, 185 shows the details of joint c. The design of this joint is carried out by 
the same methods as used for joint 6. In this case the stresses in members /-c, ^-c, and A-c, 
are transferred to the gusset plate, and the resultant of these stresses, which can be seen from 
Fig. 185 to be 7240 — 2 X 1810 = 3620 lb., is to be transferred to the top chord angles. 

As before, the rivets connecting the angles to the gusset plate are in bearing on a K-in. plate and have a value 
of 5625 lb. per rivet. One rivet is required for members/-^ and k~c, and two rivets are required for g~ c. Two rivets 
are used in each member, as shown in Fig. 185. The stress of 3620 lb., which is to be transferred from the gusset 
plate to the top chord, will require only one rivet, as at joint h. To secure a rigid connection, 5 rivets have been 
used, spaced about 4 in. apart, as shown in Fig. 185. 

The load to be transferred by the purlin connection to the top chord angles is the same as for joint h, as shown 
by the force diagram. Details similar to those at joint 6 will be used, as shown in Fig. 185. 





JoirUf. —The conditions at joint / are shown in Fig. 186. As before, the chord members are 
continuous across the joint. The design of the joint consists in transferring the stresses 
in the members c-f and h-f to the gusset plate and thence to the chord angles, and in equalizing 
the stresses in members a-/ and f-g. Since double angles are used for all members, and the 
gusset plate is ?^-in. thick, the rivet value is 5625 lb., as before. A single rivet is sufficient 
to transfer the stresses from members 5-/ and o-f to the gusset plate. Two rivets have been 
used in each member, in order to make a rigid connection. 

Aa shown by the force diagram of Fig. 186, the stresses in h-f and c-f have components perpendicular to the 
chord member which balance each other, and have components parallel to the chord member whose sum is equal 
to the diiference in stresses in the chord members. The rivets connecting the gusset plate to the chord angles 
must then be cat>able of transferring a load of 28,315 — 24,270 4045 Ib. A single rivet is sufficient, but the gen¬ 

eral practice is to use the detail shown in Fig. 186. One rivet in placed at the intersection of the center lines of 
the members, and other rivets arc placed near the edges of the plate, as shown in Fig. 186. Joint h is similitf to 
joint /. The same details will be used. 

Jotnf e. —Fig. 187 shows the conditions at joint e. The purlin load at this joint can be 
considered either as a single vertical load, as shown by the full line arrow of Fig. 187, 
or as two loads, shown by the dotted arrows, whose resultant is equal to the single load. The 
design methods are the same in the two cases. 

As noted early in this article, a field splice will bo located at joint s. One side of the joint 
will be riveted up in the shop, and the rivets or bolts in the other side of the joint 
win be placed in position when the truss is assembled in the field. In order that a symmetrical 
joint may be made, the rivet values will be determined as for field rivets, and the aame ixxtmbeat 
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will be ueed for both shop and field rivets. The connection will then be made with field rivets 
in bearing on a %-in. plate. These rivets have a value of 4220 lb., as given above. 

The design of thie joint oonsiets m transferring to the gusset plate» the stresses in the several memberSf and in 
the provision of a purlin connection Member d-e, whose stress is 26,230 Ib , requires 20,230/4220 ■■ 7 rivets. 
For member A-s, whose stress is 12,135 Ib., 12,135/4220 « 3 rivets are required; they are shown in position in Fig. 
187. The load brought to tho joint by the purlin will be provided for by moans of a connection similar to that 
used at the other joints. If a single vertical purlin is used, a suitable bearing plate, or shelf angles attached to the 
gusset plate forms a satisfactory connection. Where two purlms are used at the apex of the truss, connections 
similar to those shown for joints 5 and e can be used General details of purlin connections are shown in Art. 127. 



Joint e 


Pig 187 



Joint Q. —^Fig. 188 shows the details of joint g. Member g-'k is field spliced at this point; 
all other members entering the joint are shop riveted. The splice in the bottom chord member 
can be made in two ways. In one case, the stresses in the members are transferred directly 
to the gusset plate by means of rivets in the vertical legs of the angles. This method is satis* 
factory where the stresses in the members are small. Where large stresses are to be transferred 
to the gusset plates, the joint is likely to be quite large if this method is used. To avoid large 
plates, the joint detail shown in Fig. 188 is generally used. Tliis joint consists of a splice plate 
on the horizontal legs of the angles in addition to the rivets placed in the vertical legs. In this 
way part of the stress is carried by the splice plate, thereby reducing the stresses to be trans- 
ferred by the vertical legs of the angles to the gusset plate. 

The design of joint o consists in transferring to the gusset plate the stresses in members and g*c, and in the 
pirovision of a partially continuous bottom chord member In which part of the stress is carried around the joint by 
a splice plate and the balance of the stress is transferred directly to the gusset plate. As shown in Fig. 188, the 
rivets in members p*c and are shop rivets in bearing on a ^>in. plate. These rivets have a value of 5625 lb. per 
rivet. Member c-n requires 7240/5625 - 2 rivets, and requires 8090/5685 2 rivets; they are shown in 

posittoD in Fig. 188. In determining the amount of stress to be transferred anrass the joint by the spUcS plate on 
the horisontal legs of the bottom chord angles, certain assumptions must be made regarding ihe distribution of 
the stresses. A oommon and reasonable assumption is that the stresa in member g-h Is unifdistributed over 
the area of the member, and hence in this case the stresses in the two legs of the angle are equal, ttoee the angle haa 
equal legs. It Is then assumed that the stress in the horisontal tegs of the angles is transferred to iha splice plate, 
ai^ thanes around the joint, while the stress in the vertical legs of the anglea is carried directly to thh%uss6t plate. 
Member /-g is assumed to have transferred to the splice plate a portion of its stress which is equal to the stresa 
tmnsfsrred to the splice plate by the horisontal legs of member g-h. The balance of the stress in member is 
assumed to be transianwd to ths gusset plats throUjA the vertical legs of the angles of member /~g. Since the 
attasB fa /ng Is always greater than that in It tjMifM that there will usually be an uneven distribution of stress 
to the logs of the anriai of member unless ilnSpinber Is made up of unequal legged angles in which the di»* 
tribntiem el area to be eorrect. In the pms^ ease nqiial legged angles are used, and uUequal stress dls» 

tiimfion aeihhg. however, in small trusses whese H is pennWble to oonneet angles by one leg« the eondilioiHk are 
Horn fiaverable than whece the npt nftd. 

On the asiumptioiis made tl# terileal and hedsontal lags of the anglea of nmniher |Hh is 

« 8080 Ib. Shwe ahlieed at this point, the ribieti in the vertical leaa are fisSd irfeahi 

fh1|8h8|dghttai(>fnpkte;^ PMlIier 

» iM bi sh iiy|i4n^peei*io^ in etflNi of folo k. in t|fel|dmtttal legs ol the amkf k 



Sm. »-155] 


dTHUCTURAL DATA 


U\ 

to tho oplioo tilftto by fiold rivoti whioh aro either in eingle ihear or in bearing on the M^in* nuiteriftl fh0 

ant^lee and the aplice plate. From the tables of rivet valties* the held shearing value of a rivet is 8810 lb., and the 

field bearing value for a l^rin, plate is 2810 lb. The latter value governs and the number required Is 8090/2810 »> 
8 rivets. As shown in Fig. 188, four are used, two in each angle. 

The stress in member f-a is 24,270 lb., of which 8090 lb. is taken up by the splice plate, as assumed above. 
There is then left 24,270 8090 ■■ 16,180 lb. to be transferred from the vertical legs of t-b** angles to the gusset 

plate. Tlie oonneoting rivets are shop rivets in bearing on a ^-in. plate, and have a value of 6626 lb. per rivet. 

The number required is 16,180/5626 - 3, whioh are shown in position in Fig. 188. 

Tho splice plate on the horizontal legs of the chord angles must have sufficient net area to provide for the 
stress to be carried across the joint. This stress is 8090 lb , and the required net area is 8090/16,000 •» 0.606 sq. 
in. Assuming a plate J^-in. thick and in. wide, which is slightly in excess of the spread of the lower chord 
angles, the net area, deducting two rivet holes, is(5 5- 2X%)H « 3.76 sq. in. The plate provides 

a large excess area, but it is the smallest plate that can be used under the conditions for the design stated in Art. 
148. 


Joint a ,—Two designs will be given for joint a, the heel of the truss. Fig. 189 shows a 
design in which the stresses in the chord members and the shoe are brought directly to the gusset 
plate. In the design shown in Fig. 190, 
the bottom chord member is prolonged 

and acts as a support for the shoe. The . 

rivets must then carry the vertical end 

reaction and the horizontal tension in m ^ 

the chord member. These designs will 
be carried out in detail. 





' Shoe 




m 




S/of fed holes 


Joint 


Fig. 189. 


In the design shown in Fig. 180, all members 
are connected to the gusset plate by shop rivets 
in bearing on a H'iu. plate. The rivet value is 
then 6625 lb. Member b-a requires 31,060/6625 
•m 6 rivets, and member a-/requires 28,316/6626 
■■ 6 rivets; these are shown in place in Fig. 189. 

The vertical end reaction is carried to the gusset 
plate by means of a pair of short angles which 
are connected to the plate by shop rivets in 
bearing. As the gusset plate does not bear 
directly on the sole plate, the rivets must carry 
the entire reaction to the gusset plate. From 
Art. 163, the panel load for the loading giving 

maximum stresses in the members is 4046 lb., and the end reaction is 4 X 4045 «* 10,180 lb. The number of 
rivets required to connect the shoe angles to the gusset plate is 16,180/6626 3. Fig. 157 shows four rivets in 

place. The number was increased to four in order to bind the shoe angles more firmly to the gusset plate, as the 
angles were assumed to be 12 in. long. 

» The bearing area on the masonry walls is determined from the allowable bearing pressure, which is given in 
Art. 148 as 200 lb. per sq. in. For the end reaction given above, the required area is 16,180/200 80.9 aq. in. 

Since the shoe angles are 12 in. long, the required width of bearing is 80.9/12 «* 6.74 in. Two 3M X 3H X H*in, 
angles will be used, which will furnish a width of 7 in. It is the general practice in roof truss construction to rivet 
a sole plate to the under side of the ehoe angles, and also to place a masonry plate on the wall. These plates are 
made wider ^an the shoe angles, in order to provide holes for the anchor bolts which are located outside the 
angles, as shown in Fig. 189. A plate about 12 in. wide will allow sufficient room in the case under consideration. 
The thieVnass of the sole and masonry plates must be such that they will not be overstressed due to the upward 
pressure on the portion of the plates which overhang the shoe angles. If this overhanging portion be considered 
as a cantilever beam acted on by a uniform load equal to the reaction divided by the total area of the sole {date, 
f^e required thickness is readily determined. In this case, the upward pressure is carried by a 12 X 12*in. plate, 
and the unit pressure is 16,180/144 -■ 112,2 lb. per sq. in. As shown in Fig. 189, the overhang is 2^s in. The 
bending moment at the edge of the angle is then X 112.2) 2He **■ 300 in.*lb. per inch of plate. As there 

are two plates under the shoe angles, it will be assumed that each plate carries onehalf of the moment* 'iThe 
required thioknMs for each plate can be determined from the formula d «« (QM/bf) H, where d ^ thickness of plite; 
Jf Ml bending moment per plate, which is 160 in ‘lb,; b width of plate under consideration, whioh is oneincAi; 
and/ • allowable working etrses, whioh is 16,000 lb. per sq. in. Then 

d • (6 X 150/16,000)H « 0.237 in. 

iBaeb lOate wifi be made H !»• thiok. as this is the thickness of plate generaUy Used in practice. 

tkt ««—% *» oi the iofintehown in Fig. 190 <a} difiem from the one given lor the arrangement ebown in Fig. 189 
fgiXy In the of the bottom chord attachment. As shown in Fig. 190 (a), the stress In the bottom. 

m ekidiuff the ch d reaction are broOght to the gusset plate by the same group of rivets. Biace tim loaetioa and 
tite Oheid etteso do not have the same line of action, the rivets must be designed to cany the residtailif of 
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forocMi. This resultant is (16tl80* + 28,316*)H 32,6001b. The rivets are in bearing on a |ii-in. plate, and their 

value is 5625 lb. per rivet: the number required is 32,600/5625 <■ 6 rivets. Fig. 190 (a) shows the required number 
in place. It is desirable that these rivets be placed symmetrically with respect to the intersection of the center lines 
of the members. This is not always possible, due to insufficient room at the end of the chord member. The con¬ 
nection is therefore eccentric, and the rivets are subjected to additional stresses due to the induced moments. 
In general, the eccentricity, if unavoidable, should be kept as small as possible. 

The stresses due to eccentricity are usually not calculated in practice. If desired, they can be calculated by 
the methods given on page 289. These methods will now be applied to the arrangement shown in Fig. 190 (a). 
The rivets are subjected to a horizontal load due to the stress in the bottom chord member, which is considered to be 
equally divided among the rivets, and to a vertical load which can be divided into parts. One part is due to the 

vertical reaction, assumed to bo unifornily distributed over the rivets, and 
a second part due to the eccentric moment. Fig. (b) shows the assumed 
distribution of this latter part of the stress. It can be shown that the stress 
on the end rivets a and /, due to the eccentric moment, is eii by the 
formula, r *= McfSx^t where r « stress on rivet, Af » moment due to eccen¬ 
tricity, c — distance from center of gravity of rivet group to end rivet, and x. 

“ distance from center of gravity of rivet group to any rivet. From Fig 
dSJ6Jb . 190, it can be seen that the eccentricity of the connection is one-half of a 
rivet space, or in. The eccentric moment is then, M = 16,180 X IH ■“ 
18,200 in.-lb. If the rivet spacing be taken as the unit distance, c ■* 2.5, and 

« 2(0 5* + 1.52 -h 2 52) « 17.5 

With these values we have, r = 18,200 X 2.5/17 5 «*« 2600 lb. This load 
acts upward on rivet a and downward on rivet/, as shown in Fig. (6). The 
vertical load on rivet o due to the reaction is also an upward load, and its 
amount is 16,180/6 2700 lb , giving a total vertical load of 2700 •+• 

2600 5300 lb. on rivet a. All other rivets have smaller loads, that on 

rivet/being the difference of the above values, or 100 lb. These values are 
to be combined with the loads brought to the rivets by the stress in the 
chord member, which is 28,315/6 » 4720 lb per rivet. The resultant 
stress on rivet a is (5300* + 4720*) « 7070 lb , and that on rivet / is 

(4720* + 100*) “ 47301b. Values for other rivets vary between these 

two extreme values. 

Since the allowable stress on a rivet for a H-in. gusset plate is 5625 lb., 
the end rivet is overstressed. This can he relieved, either by reducing the 
eccentricity, which is not possible in this case, or by increasing the thickness 
of the gusset plate. From the tables of rivet values, it will be found that if the thickness of the gusset plate be in¬ 
creased to in., the bearing value of the rivet w'ill be 7600 lb. The rivets are then not overstressed, and the 
design is satisfactory. Other features of the design are the same as for Fig. 189. 

The purlin connection for the design of Fig. 189 is the same as that for joints b and r. In the design of Fig. 190, 
the top chord angles do not provide proper support for the purlin. If a purlin is used at this point, a convenient 
method of support is provided by enlarging the gusset plate so that it will carry a standard channel connection, 
as shown in Fig. (a). 

156* Minor Details*—In Art. 154, the compression members were designed on the aseump- * 
tion that the two angles forming the member act as a single piece. In order that this condition 
may be realized the angles must be riveted together at short intervals. The distance between the 
connecting rivets, which are kno^n as stitch rivets, can be determined from the condition that 
for equal rigidity in all directions, the ratio of unsupported length to radius of gyration for a 
single angle must not exceed that for the composite member, as given in Table 2 of Art. 164, 
Thus, if L and B be respectively the unsupported length and the radius of gyration for the conk- 
posite section, and I and r be the corresponding values for a single angle, we have 

/ - Lr/B 

The value of L/B for member a-6 is given in Table 2 of Art 154 as 76.5. From the steel 
handbooks the value of the least r for a X 3 X Ke-ii)- angle is 0.66 in. Substituting these 
values in the above equation, we have, / « 76.6 X 0.66 =» 60.5 in. Again, for member 5-/, 
L/B * 63.0, r » 0.42, and therefore I « 63.9 X 0.42 « 22.6 in. By the same method it will 
be found for member 0 -^ that I * 107.8 X 0.42 » 46.3 in. In practice, these connecting rivets 
are spaced from 2 to about 2H ft. apart in compression members, and, although not required 
lor tension members, they are generally provided, and are spaced from 3 to dH ^t. apart. 
The fi|)|aee between the angles is mainlined by means of ring fihs, or washers, through which 
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The enda of the truss are fastened to the masonry walls by means of anchor bolts. For trusses of the sise under 
consideration in this design, anchor bolts in. in diameter and about 2 ft. long are used. Two bolts are placed at 
each end of the truss, as shown in Fig. 189. 

To provide for the expansion of the truss duo to temperature changes, it is the general practice to assume that 
the maximum range of temperature is 150 dog. With a coefficient of expansion for steel of 0.0000065, the change 
in length of a 50-ft. truss is 50 X 150 X 0 0000065 X 12 0.585 in., or nearly % in. To allow for this move¬ 

ment, the anchor bolts at one end of the truss are usually set in slotted holes. Allowing He-iu. clearance all around 
the anchor bolt, the required length of slot is 2 X Me + M - IH in. In practice, a ^Me X 2-in. slotted 
hole would probably be provided. 

The purlin connection for joint c, and for the other top chord joints, has been designed in Art. 155, and is 
shown in Fig. 184. As shown in Fig. 184, the clip angle consists of a short piece of 5 X 3M X Ms-in. angle shop 
riveted to the top chord angles. The vertical leg of the clip angle should be long enough to extend well up on the 
flange of the channel, thus providing a means of support which will prevent overturning. 

A sag tie is sometimes provided where the length of the bottom chord member ff-k is such that excessive de¬ 
flection is likely to occur due to the weight of the member. Sag ties are generally made of a single angle of the 
smallest size allowable under the specifications. Whore the pitch of the truss is M» or less, the use of a sag tie is 
advisable. 

167. Estimated Weight.—The truss members were designed for dead load stresses de¬ 
termined from an assumed weight of truss which was calculated from an empirical formula. 
It is generally taken for granted that the assumed weight is correct, and no attempt is made to 
calculate the weight of the truss as designed. This procedure is allowable, for, as pointed out 
in Art. 134, the dead weight of trusses of the size considered in this design is a comparatively 
small part of the total load to be carried by the truss. A considerable error can then be made 
in estimating the dead load without causing any appreciable error in the maximum stresses. 

In order to check the correctness of the dead weight formula used in Art. 150, an estimate has been made of the 
truss as designed in the preceding articles. Layout drawings were made of the several joints and the sizes of plates 
and lengths of members determined from these sketches. Weights of members and plates were taken as given in 
the steel handbooks. The several items, as estimated, were: main members, 1700 lb.; gusset plates, 170 lb.; clip 
angles, rivet heads, and ring fills, 120 lb.; a total of 1900 lb. for one truss. As the horizontal covered area for one 
truss IS 15 X 50 “ 750 sq ft., the true weight of the truss is 1990/750 2.65 lb. persq. ft. of horizontal covered 

area. In Art. 150 the weight of the truss, as estimated by the formula, is given as 2.7 lb. per sq. ft. The assumed 
and calculated weights agree so closely that no revision of stresses is necessary. 

158. Design of Top Chord for Bending and Direct Stress.—In certain coses the limiting 
span of the roof covering is such that purlins must be placed between the panel points of the top 
chord. The top chord member is tlien subjected to bemling as well as direct stress, and must 
be designed as a combination beam and column. To illustrate the design methods for such 
cases, the design of the preceding articles will be modified by placing a purlin at the center 
point of each top chord panel in addition to those placed at the panel points. Working con¬ 
ditions, loadings, and allowable stresses will be taken as assumed in Art. 148. 

Proceeding as in Art. 152, using the same type of roof covering, but with purlins spaced 3.6 
ft. apart, it will be found that the required purlin section is a 6-in, 8-lb. channel, which is the 
minimum section allowed under the conditions of Art. 148. This change in the purlin arrange¬ 
ment will cause a slight increase in the dead load stresses. However, for the purposes of this 
design, it will be assumed that the stresses in the members are unchanged, and that the values 
given in Table 1 of Art. 153 can be used in the subsequent calculations. 

The chord section is to be designed for the same combinations of loading as used in Art. 
161 for the design of the sheathing. Moments and simultaneous stresses are to be calculated 
for these combinations of loading, and a section chosen wrhich will provide the area required 
by the maximum of those conditions of loading. In calculating the moments due to the applied 
loading, the chord sections may be considered as beams fixed at the ends, and the length may 
be taken as one panel. Based on these assumptions, Fig. 191 gives bending moment diagrams 
ft.nd moment coefficients for several loading conditions. These values were determined by the 
methods given in the chapter on Restrained and Continuous Beams in Sect. 1. 

Fig. 192 shows the loading conditions for the several combinations of loading given in Art. 
163. These loads can be resolved into components parallel and perpendicular to the cho^ 
members. It can readily be seen that the component perpendicular to the chord member wiU 

bending moiiients whose amounts can be determined by means of the coefficients givw 
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in Fig* 191| and that the components parallel to top chord tend to add to the compression in the 
member* The values given in Fig* 192 are in lb. per sq. ft. of roof surface* 

Fig. 192 (a) shows the conditions for combined dead, snow, and wind load expressed as a 
uniform vertical load. Since the purlins are to be spaced 3.6 ft. apart, the roof area per purlin is 
3.5 X 16 * 52.5 sq. ft. The normal load is then 52.5 X 26 « 1366 lb., and the component 
parallel to the chord member is 62.5 X 13 == 682 lb. To these loads must be added the cor¬ 
responding components due to the weight of the purlin. As stated above, the adopted purlin 
is a 6-in. 8-lb. section. The end reaction at each truss, due to the weight of a purlin is 8 X 15 
« 120 lb.; the normal component of the purlin load is 120 X cos 26® 34' = 107 lb., and the 
component parallel to the top chord is 120 X sin 26® 34' = 54 lb. This gives a total normal 



Fio. 191. Fig. 102. 


load of 1365 + 107 - 1472 lb., and a component parallel to the top chord of 682 54 » 

786 lb. From col. 9 of Table 1, Art. 153, the stress in member o-6 for combined vertical load¬ 
ing is 31,660 lb. Adding to this stress the component of load parallel to the chord member, 
’^e total stress in member a-b is 31,660 + 736 » 32,396 lb. From Fig. 191 the moments 
at the ends and at the center of a beam fixed at the ends and loaded with a single load placed 
at the beam center are equal to Wl/S, positive moment at the beam center, ahd negative 
moment at the ends. With W « 1472 lb., as calculated above, and 2 »• 7 ft., the top chord 
panel length, the moments are, M « 1472 X 7 X 12/8 » 16,480 in. -lb. 

Fig. 192 (b) shows the components for dead load, one-half snow load, and maximum wind 
load, and Fig. (c) shows corresponding values for dead load, maximum snow load, and one- 
thitd wind load. These combinations correspond to cases (b) and (c) of Art. 151. By the same 
tnirthods as used above, the moments and the simultaneous compression for the three eon- 
diticms of loading shown in Fig. 192 are: 
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loadSaa 

I (^) 
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moaitxit 
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The required chord section can be determined by the methods given in the chapter on 
Bending and Direct Stress in Sect. 1. The method there given is applied to the cause under 
consideration by assuming a chord section and calculating the maximum fiber stresses due to 
the combinations of loadings given above. If the calculated fiber stresses agree closely with 
the allowable working values, the assumed section is accepted. If the calculated values are too 
small or too large, another trial must be made, until finally an agreement is reached between 
actual and allowable fiber stresses. 

A method which leads more directly to the desired section is obtained from the following 
analysis. Consider first the case of a column acted upon by an axial load P. The maximum 
stress on the extreme fibers of the section is given by the expression, / ~ P/A + Peel I ^ where 
P « axial load; A *» area of section; e ■* eccentricity of load application due to imperfect 
centering of the load and to imperfections in column construction; c « distance from column 
center to extreme fiber; and, / « moment of inertia of the column section. If Ar‘be substituted 
for /, where r is the radius of gyration of the section, the above equation can be written in the 
form, / «iP/A(l 4- ec/r^). Solving for the required area, we have, 

A » P(1 + ec/r*)/f (1) 

As stated by eq. (1), the area of the column section for a given load P is found by increasing 
the load by a certain percentage, and dividing this increased load by the maximum allowable 
fiber stress The general practice in column design is to use the column load without increase, 
and to allow for the term ec/r* of eq. (1) by reducing the allowable working stress. This re¬ 
duction in working stress is made by means of a selected column formula. Eq. (1) is then 
changed to read 

A * P//. (2) 

where fc is the working stress as given by the column formula. 

Consider now the case of a column subjected to a moment M in addition to the axial load 
P The total stress on the extreme fibers of the section will be 

/ - P/A + Pee/I + Me/I = j(l + ee/r*) + Me/ At* 

Solving for A, the required area, we have 

A = P(1 + cc/r»)// + Jlfc//r* 

It will be noted that the first term of this expression is the same as eq. (1). Beplacing this term 
by one of the form of eq. (2), we have 

A « P//c + (3) 

That is the area required for a column subjected to bending and direct stress is equal to the 
area required as a beam plus the ar^a required as a column; the fiber stress for bending is 
the maximum allowable, in this case 16,000 lb. per sq. in., and the fiber stress for column action is 
that given by the column formula, which in this case in 16,000 — 70 Z/r. The value of r is to be 
taken for the entire section. 

In applying eq. (3) to the determination of the section required for the several combinations 
of moment and direct stress given above, it will probably be found best to make a rough calcu¬ 
lation of area, using moments and loads which are the average of the given values. Next 
assume that an angle with a certain width of leg is to be used. Approximate values of c and r 
can be used in this calculation. From the handbooks it will be found that for unequal angles 
with the longer legs placed back to back, the values of c and r are practically equal for an axis 
parallel to the shorter legs, and that they are approximately equal to H of the length of the 
longer legs. On comparing the area determined by the substitution of these approximate 
quanrities in eq. (3) with the areas given in the handbooks for angles of the assumed width, 
it is possible to tell whether a wider or narrower angle should be used. 

For the case under eonsiderationi a rough average of the moments and direct loads is 
U •• w,000in.4b., and P « 30,000 lb. Assume that a 4-in. angle is to be used. The approxi- 
tlMi^v^uesofcimdrwilibeH X4 » 1.33in. biapidyingeq. (3), substitutions must be made , 
Ihi^lXdnts at ^ oenter and at the end of the member. This is due to the fact that column 
is pyesffiit at ^he center of the member, while at the ends of the member simple oomprss- 
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sion exists. Again^ at the center of the member the moment is positive and at the 
ends the moment is negative. The compression fiber is then at the top of the member at its 
center pointy and c « width of member; at the end points the compression fiber is on the 
side of the member, and c ^ % width of member. The greater of the areas thus obtained de¬ 
termines the area required for the member. 

The length of the member under consideration is given in Table 2 of Art. 164 as 84 in. 
Then with r = 1.33, we have/. = 16,000 - 70 l/r « 16,000 - 70 X 84/1.33 « 11,670 lb. per 
sq. in. The calculated areas are as follows: 

At center of member, 


. 30,000 18,000 X 133 

" "■ 11,670 16,000 X (133)S 


2 57-f 0.85- 3 42 sq in. 


At end of member, 

Ae 


30,000 18,000 X 2 66 

16,000 16,000 X (l”33)^ 


1 87 4 1 70 - 3 57 sq in. 


From the steel handbooks, it will be found that the area of the smallest 4-in. angle is 4.18 sq. 
in. Similar trials made for 3 and 5-in. angles showed that the former was probably too 
small, and the latter too large. More exact calculations will therefore be made for the 4-in. 
angles. 



The chord section will be assumed as made up ol two 4 X 3 X Hs in. angles with the 4-in. legs separated by a 
fi4n. space. Since tiie chord member is supported laterally at its center point by the purlins, the greatest un- 
snpportlKi length is in a vertical plane. From the steel handbooks, r - 1.27 in , and c - 1 26 in. at the center of the 
aieinber and c - 4.0 1.26 - 2.64 in. at the end of the member. From the column formula, /$ - 16,000 - 70 X 

8I/1J7 » 11,370 lb. per sq. in. Proceeding as above, it will be found that the values given for the of 

FIf. (c) require the greatest area. These calculations follow. 

Area required for condition of loading shown in Fig. 193 (c): 

At center of member 


A« 


30,654 1 8,120 X 1.26 
11,370 16,000 X 1.27* 


3.50 sq. in. 


At end of member 


A* 


30,654 1 8,120 X 2 74 
16,000 16,000 X 1.27* 


3 85 sq. in. 


Fee Ihe oimditf Ohs ol loading shown in Figs. (o> and (5), the msults obtained were as follows: (a) A* m fth# 

A* a* 8,61^eq. ond (h) A* •• 3.28 sq. in , A# — S>66 sq* In, Since the calculated areas are all 
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furnished by the assumed angles, whose area is 4.18 sq. in., and since the agreement between required and provided 
areas was as close as could be obtained, using standard angles, the assumed section will be adopted. 

The design of the top chord section, as given above, is based on the assumption that the chord members act as 
beams fixed at the ends. At panels points where the member is continuous across the joint, as at 6, c, etc., this 
assumption is probably realized. At joint o the chord member Js riveted to the gusset plate. In order to fix this 
point, an external moment must be applied which will be equal to the moment brought to the joint due to the end 
moment in the fixed beam. The lower chord member and the hearing of the shoo on the masonry will offer some 
resistance to the moment, but as the lower chord member is not as rigid as the top chord, it can not be depended up* 
on to provide fixed end conditions at the joint. 

An external moment of the desired amount can be produced at joint o by making the center line of the reaction 
eccentric with respect to the intersection of the center lines of the members. Thus, for the conditions governing the 
chord design, the end moment is 18,120 in -Ih , and the cn<l reaction is 16,180 lb. Tlie required eccentricity is then 
18,120/16,180 “ 1 12 ill. Since the end moment is negative, it tends to cause a clockwise rotation of the joint. 
If the reaction line be moved 1.2 in to the right of the position shown in Fig 189, the desired eccentric momenv. will 
be produced. A similar result can be obtained for the design shown in Fig 100 

169. Design of Bracing.—A general discus^^ion of the bracing of roof trusses is given in 
Art. 129. Bracing for roof trusses of the type considert^d in this chapter is generally placed only 
in the plane of the lower chord of the tniss. It is usually assumed that the sheathing and pur¬ 
lins, when placed in position, will provide sufficient bracing for the plane of the top chords. In 
some cases a ridge strut running the full length of the building is placed at the apex of the truss. 
This ridge strut serves also as erection bracing before the purlins are placed in position. Where 
the roof covering is corrugated steel, bracing is generally plact‘d in the plane of the top chord, 
as the corrugated steel is not rigid enough to pro\dde the necessary lateral support. 

Bracing of the type mentioned above is not subjected to any definite loads; a rigid analysis 
of stresses can not be made. The designer must rely upon his judgment and experience in de¬ 
termining the type and position of the bracing, and the size of the members to be used in any 
structure. 

Fig. 180 shows the arrangement of bracing which will he adopted for the truss under con¬ 
sideration. Pairs of trusses near the ends of the building will be provided with diagonal bracing 
placed in the plane of the bottom chord. The other truss(*s will he connected to the braced 
trusses by means of a continuous line of struts placed in the plane of the bottom chord. These 
struts are located at joints g and fc. In addition to this bracing a ridge strut, located at 
joint c, will be run the full length of the building. 

The diagonal members of the bracing in the plane of the lower chord will be made of single angles of minimum 
size. As the angles arc to be connected by one leg only, a 2H X 2 X H-in. angle will be used. The struts wdll be 
considered as compression members, their size will be determined subject to the condition that//r must not exceed 
160, which IS the limiting value set for such members in Art. 148. As the trusses are 15 ft apart, the angles must 
have a radius of gyration of at least r » Hso “ 12 X ^Hao =* 1.2 in. From the steel handbooks it will be found 
that the standard angles of least weight which wiU answer the requirements are two 4 X 3 X Ms-in. angles placed 
with the 4-in. legs vertical and separated by at least a M-in. space. These angles will therefore be used for the 
struts betwreen trusses, and also for the ridge struts 

The bracing in the plane of the low’er chord of the truss is attached to plates riveted to the truss, as shown 
in Fig. 193. At joint a the splice plate on the horizontal legs of the bottom chord angles is enlarged to include the 
connecting rivets in addition to those required for the splice. An exact determination of the number of riveto 
required in the ends of the bracing angles can not be made, as these members have no definite stress. Some de¬ 
signers assume that the connections are to be designed for the full strength of the member. On this assump¬ 
tion the 2H X 2 X H-in. angles would require 16,000(1.06 - 0.22)/2810 - 6 field rivets. Experience shows 
that for small trusses, two rivets are sufficient. 

160. The General Drawing.—Fig. 193 shows a general drawing of the truss designed in the 
preceding articles. On this drawing is shown the sizes of members, thickness of gusset plates, 
number of rivets in the members at each joint, arrangement of bracing, and all other details 
determined in the preceding calculations. It will be noted that only the general features of the 
design are shown on tlus drawihg. This is the type of drawing turned out by the average 
designing office. 

the tnias eon be constructed in the shop, a drawing must be mad© showing in greater detail the dinien- 
•ions of the members and plates and the spacing of the rivets. A drawing of this nature is known ae a shop drawing. 
The prineiplea governing the making of shop drawings are given in the chapter on Structural Steel DetoUing. The 
nmdsr h mferred to p. 319 for a complete shop drawing of a truss quite similaT to the one designed in the pieoeding 
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DBTAILSD DBSIGK OF A TRUSS WITH KNBB-BRACB8 

Bt W. S. Kinnb 

161. General Considerationa and Form of Trusses.—The discussion of the preceding 
chapter was confined to roof trusses supported on rigid masonry walls. This type of structure 
is shown in Fig. 194 (a). The tru^s is not called upon to assist in carrying lateral forces. Re« 
sistance to lateral forces is provided by the walls on which the truss is simply supported 
In certain types of structures, particularly mill buildings and storage sheds, the trusses are 

supported on steel columns, as shown in Fig. (b). 
The outside walls are formed either by a curtain 
wall of brick, or by sheathing or corrugated steel 
siding which is supported by the columns. In either 
case these walls act merely as partitions, and do 
not assist in carrying lateral forces, as in the case 
. of the rigid walls of Fig. (a). If lateral forces are ap- 

plied to a truss resting on columns, as shown in Fig. 

structure tends to collapse, as shown by the 
dotted lines. This distortion must be prevented by 
bracing capable of resisting horizontal forces. 

The bracing provided to resist horizontal forces 
must answer two conditions. It must not obstruct 
the clear space between the walls and the lower chord of the trusses, and it must provide a 
means of joining the trusses and the columns into a rigid frame work. In small structures 
the required resistance to distortion is sometimes provided by means of riveted joints at A 
and B of Fig. (6). This method is not economical, even for trusses of moderate size. Fig. 
194 (c) shows a simple means of providing the required bracing. Short members known as 
knee-braces, are connected to the column and to a lower chord panel point. The structure 
thus formed answers the above requirements, 
and the stresses in the members are readily 
determined. 

Fig. 195 shows a few of the forms of knee- 
braced bents in common use. Fig. (a) shows a 
Fink truss with knee-braces, and Figs. (6) and 
(c) show trusses of the Pratt type. Fig. (d) 
shows a fiat PreAt truss with the end members 
prolonged to form a column. Other forms of 
trusses can be arranged in a similar manner. 

Figs. («) and (f) show trusses provided with a 
monitor at the apex. In the form shown in 
Fig. (J)f side trusses are also provided. 

General Methods ol Stress Deter- 
minatieiL—^Flg. 196 shows a knee-braced bent 
acted on by wind loads Wi perpendicular to 
the side wallsi and loads TTs normal to the roof 
surface. General methods of stress determina- 
tton will be devebped for the conditions shown 
ip Fig. 196. Assume first that the truss is sim¬ 
ply supported at points A and B by hinges, or by some method which will prevent horisontel 
movement under the action of the applied loads. Let R of Fig. (aj represent the resultant of 
the loads Wi and The reactions at A and B are to be determi^ for the force 

For the coOditi^ shown in Fig. 1%, it will be noted that there are four imknowhs to be 
a vertmal and a horisonlal force at A and B. The problemis therefore indetnr* 

I stated in the chapter on Principles of Statics in Sect. 1, cmly three 
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oaa be detemiiiied in any system of non-concnnrent forces. Some assmnptlon must ♦•VfF be 
made regarding the relation between certain of these forces before a solution can be made. 
It Sf ill be convenient in this case to consider the relation between the horisontal components 
of the forces at A and B, The desired relation can be obtained from a principle brought out in 
the analysis of statically indeterminate structures which states that where there is more than 
one path over which the stresses due to a given load may pass in order to reach the abutments 
or points of support, the load will be divided over these paths in proportion to their relative 
rigidities. It is reasonable to assiune in this case that the loads are transmitted from the truss 
to the columns and thence to the points of support. As the columns are generally made alike, 
and are therefore of equal rigidity, it is usually assumed that the horizontal components of the 



applied loads are equally divided between the two points of support. Thus, if H be the hori* 
sontal component of R, we have 

Hi H/2 (1) 

where Hi and Hi represent the horizontal components of the reactions at A and B, Fig, 196 (a). 
The vertical components of the reactions, shown by Fi and F* in Fig. (o), can be determined 
by moments. Tbus in general terms, we have from moments about B 

Fi = Eb/l (2) 

and from moments about A 

F, = Ra/l (8) 

The reactions are thus completely determined. 

Mm proeeedinc to the determination of the atreseee in the trues members, it will be neeeeeary to eoneider 
the conditions existing in the columns. As shown in Fig. 196 (o), the horisontal forces are carried to the points of 
stimmri by of a vertical member. As the loads act at right angles to the member, it is subjected to bending as 

well as direct stiess. The distortion of the structure as a whole is of the nature shown in Fig. (6). In Jig, (c) is 
tP an enlarged one of the distorted columns. Since the column is riveted to the truss at point C, and to 
tbe Irnofr hremt at point If, it teems reasonable to assume that S-C remains vertical, and that the dietortion of ^ 
iteatly r^W****^^ is as shown in Pig. (e). The column is then a three force piece, as it is subjected to b ending 
moment* eheai* and direct etreee at all pointa. If Af#, Vm% represent tbeee Quantities at any eectlon a 
dMuiee # above the baee of the column, we have for member BS of Pig. 198. 

Urn * Htx F# Ht 5. • Ft (d) 
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The moment, as given by the first of these expressions,» a maximum at point Bt the foot of the knee-brace, varying 
uniformly to sero at the foot of the column, as shown by the moment diagram of Fig. (c). Values of the shear 
and direct stress for member C-E depend on the stress in the knee^brace, which is as yet unknown. 

In general the columns are rigidly fastened to the foundations by a detail of the type shown in Fig. 210. 
The distortion of the column is then of the nature shown in Fig. 196 (d). When the base is fixed, the tangent to the 
curve at point B can be assumed to be vertical. As the tangent at E is also vertical, the curvature between the two 
points can be assumed to be a reversed curve, with the point of inflection, or change in curvature, at point 0, half¬ 
way between E and B» Since a point of inflection is also a point of sero moment, the variation in moment for 
member J?-C is as shown in Fig. (d). The moment at O is sero, and the moments at points equal distances above 
and b^low 0 are equal in amount, but opposite in kind. It will be noted that the portion O- E of the deformed col¬ 
umn of Fig. (d) is similar to the portion B-E of Fig. (r). Since the moment at O is sero, this point can be regarded 
as a hinged joint. In the determination of atrcs.ses the column can be separated into two parts at point O, as shown 
in Fig. (e). The reactions, as given by eqs. (1), (2), and (3), are to be calculated for a knee-braced bent consisting 
of that part of the structure above points O of Fig (a). The moment at the base of the column can be determined 
from the conditions shown in Fig. (c) for the lower portion of the column 

The position of the point of inflection has an important In^aring on the Btresses in the members. It can be seen 
from eqs (1), (2), and )3) and from Fig. (a), that the values of the reactions depend upon the effective height of the 
bent. A fixed end bent, considered as hinged at O, midway between the kncc-brace and the base, will in general 
have smaller stresses in its members than one with simply supported ends, considered as hinged at A and B. How¬ 
ever, unless the connections at E and C of Fig (d) are absolutely rigid, and the base of the column is fixed, the point 
of inflection, O, can not be assumed as located halfway between the base of the column and the foot of the knee- 
brace. Any tendency of the tangents to deviate from the vertical will cause the point of inflection to be lowered, 
the limit bemg points A and B, or a hinged connection at the base of the columns. Since the base of the column 
is usually rather w*ide in the plnne of the truss, it can always be considered as partially fixed due to the action of 
the dead load. In most cases the colunii is firmly attached to the foundations by means of anchor bolts which are 
screwed up tight. As long as these bolts remain tight, the base of the column can be considered as fixed. But 
experience shows that this can not be relied upon. It seems best, therefore, to assume that the point of inflection 
is somewhat below the mid-point between the knee-brace and the base of the column. This assumption is on the 
safe side, as the stresses in the truss members are increased thereby, and the moment to be carried by the columns 
is also increased. 

In the calculations to follow, it will be assumed that the distance from the base of the column to the point of 
inflection is one-third of the distance from the base of the column to the foot of the knee-brace, as shown in Fig. 
if). There is considerable difference of opinion among designers and writers on this point. The recommendation 
made above seems to be reasonable and to bo founded on conditions which actually exist in the structure; it will 
therefore be adopted. 


Methods of stress calculation are best explained by means of a problem. For this purpose, 
a truss of the form considered in the preceding chapter will be placed on columns and provided 

with knee-braces. Fig. 197 shows the dimen¬ 
sions of the knee-braced bent thus formed. 
The wind pressure on a vertical surface will be 
taken as 20 lb. per sq. ft., and that on an in¬ 
clined surface will be 20 lb. reduced by the 
Duchemin formula, which is given in Art. 135- 
Since the assumed conditions are the same as 
for the design given in the preceding chapter, 
the wind panel load normal to the roof surface 
is 1565 lb., as calculated in Art. 163. The 
total horizontal load on the side of the struc¬ 
ture above the point of inflection is 15 X15 X 20 = 4500 lb. This load is distributed to the 
vertical panel points as shown in Fig. 198(a). It will be assumed that the bases of the 
columns are partially fixed, and that the point of inflection is located at a point above the 
base of the column equal to one-third of the distance between the base and the foot of the 
knee-brace, as shown in Fig. 197. Figs. 197 and 198 (a) show the portion of the bent above 
the assumed points of inflection, with the applied loads in position. 

The reactions |it the points of inflection, O and O' of Fig. 197, assumed to be points of sup¬ 
port for a hinged knee-braced bent, can be calculated by the methods given in Sect. 1. From 
Fig. Ids <a), the total horizontal component of applied loads is 4500 + 6200 sin 26^ 34' 
4500 4" 6260 X 0*447 * 4500 + 2800 «* 7300 lb. The horizontal components of the reactkms, 
m determined from eq. (1), are 

{ iTi « 5r, = ///2 ^ 7300/2 « 3660 lb. 
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The forces act as shown in Fig. 198 (a). The vertical reactions are determined from moments 
about the bases of the columns^ using eqe. (2) and (3), Thus for /? 2 » from moments about 
O with dimensions and loads as shown on Fig. 198 (a), we have 

tissiii” . 3200 ib. 

oU 

and 


6260 X 23.99 - 4500 X 7.5 


- 2340 lb. 


These forces are shown in position on Fig. 198 (a). All external are thus completely deter¬ 
mined. 

The next step in the calculations is the determination of the stresses in the members of 
the truss. In general it will be found that graphical nn^thods of stress determination are pref¬ 
erable for this purpose. Alge¬ 
braic methods of stress calcu¬ 
lation are somewhat more 
precise than graphical methods, 
but in the application of alge¬ 
braic methods considerable 
time is consumed in the calcu¬ 
lation of lever arms of loads 
and members. This is avoided 
by the use of graphical 
methods, and the results ob¬ 
tained are accurate enough for 
all practical purposes. 

In the application of 
graphical methods to a knee- 
braced bent a little difficulty is 
encouncered in the case of the 
columns. These members are 
subjected to shear, moment, 
and direct stress, thus forming 
three force pieces. The graph¬ 
ical methods of Sect. 1 are ap¬ 
plicable only to one force Pio, 198 , 

pieces—^that is, members sub¬ 
jected either to tension or compression. Two methods can be employed for the graphical 
solution of the case under consideration: (a) The columns can be removed and in their place 
can be substituted a system of forces whose effect on the structure as a whole will be 
the same as that of the columns, and (b) since a moment can be considered as a force times 
a distance, a temporary framework can be added to the truss system, arranged so that the 
moment at the foot of the knee-brace will cause stress in the members of the auxiliary 
framework. After the stresses in all members of the truss have been determined, the tem;^ 
orary framework can be removed and the true stresses in the columns determined. This 
method is quite similar in principle to the one given in Sect. 1, Art. 84, for the determination 
of the stresses in certain members of the Fink truss. The methods described above wiU now 
be applied to the knee-braced bent of Fig. 198 (a). 

The apniioaaoa of the firat method outlined above ia shown in Figs. 198 (h), (c). and (d). Figs. (5) and (c) 
•how the oolumns removed with aU forces acting. Forces Fi and Fi show the action of the column on the tru^ 
These foroes are determined by the methods of statica, subject to the condition that the column ia in oomidete 
equilibrium. From Fig* (6), which shows the conditions for the wiqdward column, moments about pdnt I give 

Fi - (3650 - 1500)10/5 * 43001b. 



•ad moiheiiti about pomt a give 


Ft - (3650 - 1500)16/5 - 6460 lb. 
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For looword ooliinm« ihown io Pig. (c) 


Pi - 36fi0 X 10/5 - 7300 lb* 


10.950 lb. 



anci 

Fi * 3050 X 15/5 
All foroeg are shown in position in Figs. (5) and (c). 

Since action and reaction are equal in amount but opposite in direction, forces Pi and Ps are to be applied to the 

truss in directions opposite to those shown in 
Figs. (6) and (c). They appear directly on the 
leeward side, but on the windward side they 
are to be combined with the loads shown at a 
and e of Fig. (a). At a the applied load is 
4300 + 750 - 5050 lb., and at e the load is 
6450 ~ 2250 4200 lb. These forces are 

shown in position and direction on Fig. 198 
id). At the foot of the knee>braco, vertical 
forces equal to the reaction at the foot of the 
column are applied, as shown in Fig. id). 
The resulting forces hold the structure in 
equilibrium. 

Fig. 199 (6) shows the stress diagram for 
the forces shown on Fig. 198 (d) and repeated 
on Fig. 199 (a). This stress diagram is con¬ 
structed by the methods given in Sect. 1. The 
stresses in the members, as scaled from the 
diagram, are recorded in col. 4 and 6 of Table 
1, Art. 164. The stresses in the upper portion 
of the columns are given directly in the stress 
diagram. In the lower portions of the columns, 
the stress is equal to the reaction at the point 
in question, as given in Fig. 198 (d). 

The temporary framework for the second 
method of stress determination outlined above is shown in Fig. 200 (a). Any convenient arrangement can be 
used. In this case the top chord member was prolonged to an interseotion with a horisontal through the foot 
of the knee-brace. This point was 
then connected to the foot of the 
column by a temporary member. 

These members are shown by dashed 
lines in Fig. 200 (a). The loads 
applied to the windward side of the 
building are considered as acting at 
the joints of the auxiliary framework, 
as shown in Fig, (a). With the auxil¬ 
iary framework in place, it is possible 
to draw the stress diagrams for all 
joints. Fig. 200 (h) shows the com¬ 
plete stress diagram* 

The stresses for the columns, as 
given by the stress diagram of Fig. 

(5), are not the true stresses for these 
members, for the addition of the 
auxiliary frames has effected the 
stresses in the columns; all other 
stresses are the true stresses in the 
mendbers in question. To determine 
tile true stresses in these members, 
the auxiliary frames must be removed 
and the column stresses redetermined, 
subjeet to conditions which will be 
discussed later. Thus for the wind¬ 
ward eolumn ft can be seen by in- 
^motion that as soon as the frame¬ 
work Is removed, the stress in the 
lower section ai the eclumn is a eom- 

pmsslcm which is dfreetly equal to the reaction at the foot of the eolumn, which in this esse is 2340 lb* 
the upper portion of the eotuinn. It is quite evident that the stress in this member must be of sutii msgnitude 
that H will hdd in equIUbtium the stress In ths lower portion of the edlnmn phis the vi^tieal component of Iht 
Ia wtedwttd kasa-bmot Tha dasM atiasi can be detaradnad itm 1%. W lacstlhi tlm 
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omtiaMd ^ addiiig them gnidiiealljr. In Big. aOO (»). JC-Bf npi«Mnt» the leaotion at the foot ol 
Ae otil^. tepr^t. the itreit in the knee-braoe. If tbeee foreee be projected on a wttcid tine 

T*’? 7 “^“*° **”* ^ “ *•** «* foreee the oomponent X'-17. which ropresente the amount Of 

the d«aim itrest in the upper portion of the column; the streae aa acaled from the atreaa diagram ia 6000 lb., 
and the kind of atreaa ia oompreaaion. SimUar methoda are to be uaed for the leeward column. Aa before, the 
atreaa in the lower portion of the column ia compreaaion, and it ia equal to the reaction at the foot of the column. 
Since the atreaa in the leeward knee-brace ia oompreaaion, ita vertical component acta downward. Therefore 
the atreaa in the upper portion of the column muat balance the difference between the atreaa in the lower portion 
of the column and the vertical component of the atreaa in the knee-brace. The deaired atreaa can be determined 
from Pig 200 (6). The force L~N repreaenta the reaction at the foot of the column, and I/-14 repreaenta the atreaa 
in the leeward knoe-brare. If theae foroea be projected on a vertical line through point 14, the required cUfferenoe 
in atreaa componenta will be represented by the force N'—14:. The required stress scales 3700 lb., and the kind of 
stress ia tension. 


On comparing the two methods given above, it will be found that the construction of the 
auxiliary frames required by the second method involves less time and is a simpler process than 
the calculation of the external forces required for the first method. The stress diagrams con¬ 
structed for the two methods lead to exactly the same results, if the operations are correctly 
performed. However, it will be found that the stress diagram for the first method can be more 
accurately constructed than the one for the second method. This is partly due to the fact that 
the stress diagram of the first method contains four less joints than the one for the second 
method, and also to the fact that it is difficult to arrange an auxiliary framework which 
will provide good intersections for the lines of action of the resulting stresses. Again, the 
stresses in the columns are given directly by the stress diagram for the first method, but, 
from the discussion given above, it can be seen that the determination of the column stresses 
by the second method requires considerable care and study. Everything considered, the 
first method of calculation, as showm in Fig. 199, is preferable, and it is recommended as the 
best method of stress determination for problems of the nature here considered. 

163. Conditions for the Design of a Knee-braced Bent.—To illustrate the principles of 
design for a knee-braced bent, a truss of the span length and type designed in the preceding 
chapter will be placed on columns and provided with knee-braces. The columns will be made 
20 ft. high, and the knee-brace will intersect the column at a point 6 ft. below the top of the 
column. Pig. 197 shows the structure thus formed. The distance between the trusses will 
be taken as 15 ft., and the roof covering will be made the same as used in the design of the 
preceding chapter. In this w’ay much of the material of the preceding design can be used for 
the structure imder consideration. It is not probable that a shingle roof would be used in 
practice for a structure of this type. A corrugated steel or a slate or tile is a more practical 
type of roofing. However, the general principles of design are the same for all cases, and the 
di^ussion given in this chapter can readily be modified for any type of roof covering. 

Loadings and working stresses will be the same as given in Arts. 148 and 150 of the pre¬ 
ceding chapter, with the exception of the dead load of the trusses, wliich will be determined by 
the Ketchum formula given in the chapter on Roof Trusses—General Design. This formula is 
w « P/46 (1 + L/5VA), where P « capacity of truss, which will be taken as 40 lb. per sq. ft. 
of horizontal covered area; L * span in feet; A distance between trusses, which will be 15 
ft.; and w “* weight of truss per sq. ft, of horizontal covered area. With the above values, 
w s* 3,18 lb. To allow for that part of the bracing carried by the trusses, this weight will be 
increased to 4.25 lb, per sq. ft. of horizontal covered area. The snow load will be taken 20 lb. 
per sq, ft. of roof surface, and the wind loads on the sides and the roof will be based on a unit 
pressure of 30 lb. per sq. ft, on a vertical surface. This unit pressure will provide for all pos¬ 
sible wind stress conditions for a structure in an exposed position. If the structure is in a 
sheltered location, a unit pressure of 16 or 20 lb. per sq. ft. would be sufficient. The wind pres¬ 
sure will be assumed to act normal to the roof surface and perpendicular to the sides of the 
building. 

Working stresses for steel in tension will be 16,000 lb. per sq. in. on the net section of the 
Qiember. Por compression the working stress will be given by the formula 16,000 — 70l/r, 
where I greatest unsupported length of member, and r » least radius of gyration of the 
a^stion. Gross areiw are used, and l/r is limited to 125 for main members and to 50 for bracing. 
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Corresponding working stresses for wind loadings will be based on 24,000 lb. per sq. in., as in 
the preceding chapter. Rivet values for shop rivets are to be based on an allowable 
shearing value of 10,000 lb. per sq. in., and an allowable bearing value of 20,000 lb. per sq. 
in.; corresponding values for field rivets are 7500 lb. for shear and 15,000 for bearing. Rivets 

in, in diameter will be used. The minimum thickness of material will be K in. 

Members and connections subjected to a reversal of stress will be designed for each kind of 
stress. This assumption is reasonable, for the reversal in stress is due to a change in the direc¬ 
tion of the wind. This can not occur suddenly, so that there will be a time interval between 
the two kinds of stress. 

As stated in Art. 162, there is considerable uncertainty regarding; the exact conditions at the bases of the cob 
uxnns. In many cases it is assumed that the point of inflection, shown in Figs. 197 and 198, is located half way be¬ 
tween the base of the column and the foot of the knee-brace. This assumption requires rigid connections between 
the column and the knee-brace and a rigid connection between the column and the truss. Also, the base of the 
column must be rigidly attached to the foundations, which must be immovable. All of these conditions must bo 
realised before the above assumption can be made. As it is practically impossible to secure all of these con¬ 
ditions, it does not seem advisable to assume that fixed end conditions exist. However, the end detail of the base 
of the column, as shown in Pig. 202, is so arrangcid that it is probable that the assumption of hinged ends is not 
justified, as the base is flat, and is fixed to some extent by the dead load. It therefore seems best to assume that 
the base is partially fixed, and that the point of inflection is somewhat below the mid-point of the column. In 
an excellent article on Wind Stresses in Steel Mill Buildings,* H. Fleming recommends that the point of inflection 
be taken at a point one-third of the distance between the foot of the column and the knee-brace. This recom¬ 
mendation has been followed in the solution of the problem of Art. 195, and will be adopted for the design to be 
made. 

164. Determination of Stresses in Members.—The stresses in the members are to be 
determined for the same general conditions as in the design of the preceding chapter. In this 
case, however, it is not possible to use an equivalent uniform load to represent the effect of 
wind and snow combined. The stresses for these loadings must be determined separately and 
^.ombined with the dead load for the following conditions: (a) dead load and snow load; Qj) 
dead load and wind load; (c) dead load, minimum (one-half) snow load, and maximum wind 
load; and, (d) dead load, maximum snow load, and minimum (one-third) wind load. In mak¬ 
ing up these combinations, the greater of the wind stresses given in cols. 4 or 6 of Table 1 is to 
be used. This will provide for all possible conditions. The maximum stress determined from 
these combinations is to be used in the design of the member. It will be noted that con¬ 
dition (b) often results in a reversal of stress in the member. 

Since the adopted roof covering, the loading conditions, and the working stresses are the same as for the 
design of the preceding chapter, the dead panel load due to the roof covering and the purlins will be the same as 
given in Art. 153 of the preceding chapter. The panel load due to the roofing is then 945 lb., and that due to the 
purlin is 146.3 lb. As given above in Art. 163, the weight of the truss and bracing is 4.25 lb. per sq. ft. of hori- 
aontal covered area. From the preceding chapter, the horizontal covered area per panel is 15 X 93.75 

sq. ft. The panel load due to the weight of the truss is then 93.75 X 4.25 «*» 398.4 lb. The total dead panel load 
is then 945.0 -f- 146.3 -f* 398.4 -> 1489.7 lb.; a load of 1490 lb. will be used in the calculations to follow. 

In the calculation of the stresses in the members of the knee-braced bent shown in Fig. 164, it is the usual 
practice to assume that the knee-braces are not stressed by the action of vertical loads. This assumption is not 
strictly correct, for the deflection of points / and f is resisted by the knee-brace, which is thus subjected to a small 
stress. At the same time, a small bending moment is set up in the column. These stresses and moments are so 
jimall compared to the other stresses and moments that the stresses due to the deflection of points / and S* can be 
neglected. This is equivalent to removing the knee-braces and calculating the stresses in the remaining mem¬ 
bers. The stresses can then be determined by the methods used in Art. 153 of the preceding chapter. These 
stresses are given in col. 1 of Table 1. 

The panel load due to snow will be the same as for the preceding design. As the area of the roof panel is 7 
X 15 ■» 105 sq. ft., and the snow load is 20 lb. per sq. ft., the pane] load b 20 X 105 «■ 2100 lb. The snow load 
stresses are given in eol. 2 of Table 1. These stresses can be calculated from the dead load stresses by multiplying 
by the ratio of panel loads, which in thb case b 2100/1490 1.41. Since the conditions are the same as for the 

preceding design, the stresses in thb case can be taken from Table 1 of Art. 153 of the preceding chapter. In ooL 
8 ^e stresses for minimum, or one-half snow load, are given. 

The wind load stresses for the structure under consideration have been worked out in the problem given in 
Art 152. As stated in Art. 163, the unit wind pressure b to be taken as 30 lb. per sq. ft. and the allowable working 
stress for wind leading b to be based on 24,000 Ib. per sq. in. Since thb working stress b % that allowed for deed 
and snow loads, the wind pressure can be reduced by which gives a unit pressure of 20 !b. per sq. ft. A uniform 
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allo5^ahl6 worldnc strew of 16,000 lb. per sq. in. can then be used for all loadings. The wind pressure on the sides 
of the stnioture will be taken as 20 lb. per sq. ft., and that on the roof surfaee will be taken as calculated from the 
Puohemin formula which is given in Art. 136. As the slope of the roof surface is 26 deg. 34 min. and the unit pres¬ 
sure is 20 lb. per sq. ft., the normal wind pressure is found to be 14.0 lb. per sq. ft of roof surface. Since a com¬ 
plete solution of this problem is given in Art. 162, the work will not be repeated. 

The wind stresses in the members, as determined in Fig. 109 or 200 of Art. 162, are given in cols. 4 and 6 of 
Table 1. Minimum, or one>third wind stresses are given in cols. 6 and 7. Table 1 also gives the values of the 
moments at the foot of the knee-braces. These moments are calculated from eq. (4) of Art. 162. For point e 
of the windward column, it can be seen from Figs 107 and 108(a) that the moment is (3660 ~ 1600) X 10 21,600 

ft.-lb., and for the leeward column, the moment at point 2' is 3660 X 10 » 36,600 ft -lb. Moments at the base 
of the column are also given. These moments are equal to the horisontal component of the reaction multiplied 
by the distance to the assumed point of inflection. 

The combined stresses for the combinations of cases (a), (6), (c), and (d), as outlined above, are given in cols. 
8 , 0, 10, and 11 respectively. In col. 12 the greatest of these maximum values are tabulated. 

165. Design of Members and Columns.—^The general principles governing the design of 
the members of a knee-braced bent are the same as those used in the design of the preceding 
chapter Table 2 gives all data required for the design. In the truss under consideration, a 
few of the members are subjected to a reversal of stress. Such members are to be designed to 
carry each of these stresses. The section will therefore be determined for the stress which 
requires the greater area. One member, ff-h, is subjected to a small compression under certain 
conditions. The area required is determined by the tension in the member. However, since 
the member is likely to be called upon to carry compression, the limiting l/r conditions must 
be met, which will probably determine the make-up of the section. Where a member is sub¬ 
jected to a large compression and a smaller tension, the compression area determines the 
required section. It is necessary, however, to examine the net area, in order to make certain 
that proper provision has been made for the tensile stress. The detailed design of a few of the 
members will now be taken up, and new points involved in the design will be discussed. 

Member 2-/, the knee-brace, m subjected to a tension of 4060 lb., and to a compression of 13,000 lb.; the length 
of the member is 111.5 in. Try two 3K X 3 X M«-in. angles, placed with the 3|^-in. legs sei>arated by a ^•in. 
space. The least radius of gyration of these angles is 1 10 in ; the slenderness ratio is l/r >« 111.6/1.10 101.6; 

the allowable working stress in compression is 8000 lb. per sq. in.; and the area required is 13,000/8000 » 1 46 sq. 
in. Since the working stress in tension is 16,000 lb. per sq. in., the net area required for the tension is 4060/16,000 

» 0.300 sq in. The gross area of the assumed angles 
is 3.86 sq. in., and the net area, deducting one rivet 
hole from each angle, is 3.32 sq. in. These areas are 
considerably in excess of the required areas, but the 
value of the ratio l/r for the assumed angles is 101.6, 
which is close to the maximum allowable. The sec¬ 
tion must therefore be used. 

Member ff-h is subjected to a tension of 10,200 
lb., or to a compression of 1370 lb. The area re¬ 
quired for tension, which is 10,200/16,000 » 0.638 
sq. in., will determine the design, but the member 
sdected must conform to the limiting slenderness 
ratio conditions required for compression members. 
In this ease it will be found that a section made up of 
the minimum angles will answer all requirements. 
Assume two 2H X 2 X H^iu. angles, the minimum 
lUowable, for which the least r «* 0.78 in. For a length of member of 94 in., we find that l/r m 04/0 78 
120 .6, a value slightly less than the maximum allowable, but acceptable in this case. The net area of the assumed 
angles, deducting one rivet hole from each angle, is 1.68 sq. in. Although the area provided is somewhat in excess 
of that required, the section must be used in order to answer the l/r conditions. 

Hie design of the column and its base presents some new problemsi which will be discussed 
m detail: As stated in Art. IdS, the columns are three-force pieces, which are to be designed for 
moment, cdiear, and direct stress. From Fig. 196 (a) and Table 1, it can be seen that the maadr 
mum mbment conditions occur at the foot of the leeward knee-brace. Fig. 201 shows the forces 
aotmg on the column for two conditions of loading. Flg« (o) shows the combined forces due to 
<faad load, one-half snow load, and maximum wind load, and Fig* (h) shows thS conditions 
for dead bad, snow load, and one-third wind bad. Design methods siinilar to those deve^^ 
m Art, br the design of the top chord ^ be used for the design of the columns. The erea 
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of the section will be determined by the moment and the direct stress, and the design of the 
details, such as the lacing and the riveting of the main angles, will be determined by the shear. 
The area of the section will be determined after which the details will be designed. 

The loading conditions for which the column is to be designed are: (a) compression, 13,420 
ll>.; moment 36,500 ft.-lb.; shear, 3660 Ib.; and (5) compression 15,447 lb.; moment, 12,167 
ft.-lb.; shear, 1217 lb. In this case it will be best to assume a section, and then compare the 
area required as determined from eq. (3) of Art, 158 of the preceding chapter with the area 
furnished by the assumed section. 

Assume a column section composed of four angles connected by lacing, arranged as shown in Fig. 201 (c). This 
section must be made quite wide in the plane of the truss, in order to resist the bending moments. It must have a 
width along the axis A-A such that the allowable ratio l/r » 125 will not be exceeded, where I » one-half the total 
height of the column. This is founded on the assumption that the base of the column is flat and that it is rigidly 

Table 2.—Desiok of Members 
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fastened to the foundations. It is also assumed that the top of the column is held in line by an cave strut, as shown 
in Fig. 210. If these conditions are not realised the full height of the column must be used. On the above as* 
sumption, the least allowable r • X 20 X 12/125 » 0.96 in. Assume four 3M X 3 X M angles placed 
as shown in Fig. 201 (c). The radius of gyration for the axis A-A is found to be 5.53 in., and that for the axis B-B 
Is 1.66 in. From eq. (3), Art. 158 of the preceding chapter, using the loadings given above, dimensions as given on 
Fig. 201(c), and /. - 16,000 - 70 l/r - 16,000 - 70 X 15 X 12/5.53 - 13.720 lb.. 

Case (a) 


Case (5) 


A 


13,420 36,500 X 12 X 6 ^ 

13,720 16,000 X 5.53* 


0.98 + 5.60 


6.58 BQ. in. 


A 


15,447 12,167 X 12 X 6 25 

13,720 16.()b0 X 5 53* 


1.13 + 1 87 « 3.00 sq. in. 


The section must also be investigated for column action in the plane of the axis A-A. Since r « 1 66 in , and I ■■ 
20 ft. - 240 in , /c « 16,000 - 70 X 240/1.66 - 5880 lb. per sq in., and the area required « 15,447/5,680 « 
2.63 sq. in. The section is therefore ample, as the area provided is 4 X 1 93 « 7 72 sq in. As the assumed sec¬ 
tion answers all conditions, it will be adopted. 

The arrangement of the lacing, or other connection, between the angles composing the column section, will 
depend upon the amount of shear to be carried. As shown in Fig 201 (a), the maximum shear to be carried on the 
portion of the column below the knee-brace is 3650 lb , and above the knee-bracc, the shear is 7300 lb Assume 
that single lacing of the form shown in Fig 202 (a) is to be used. Below the knee-brace, where the shear is 3650 
lb., the stress on a lacing bar is 3650 X sec. 45” 5170 lb. The rivets will be shop rivets in bearing. In order to 

meet the requirements for bearing, the lacing bar must be H in* thick; the rivet value will then be 5625 lb., which 
is satisfactory. 

The sise of the lacing bar is determined by its strength as a column and as a tension member. Since the bar 
is held rigidly between the angles, the unsupported length, I, may be taken as hall of the total length, or, as shown 
in Fig. 202 (a), 1 « M X 9 X sec. 45” » 6.30 in. Assuming the lacing bar to be a 2H X ?^-in. section, the least 
radius of gyration is r » d/12 ■■ 0.289 d * 0.108 in , and f/r «» 58 8. The allowable working stress is 16,(XX) 

— 70 X 58 8 *« 11,780 lb per sq in , and 
the area required is 5710/11,780 *= 0 49 sq. 
in. The assumed section provides 2 X 0 375 
« 0.75 sq. in. For a a orking stress of 16,(XX) 
lb. per sq in in tension, the area required is 
5710/16,000 «= 0.258 sq in. Deducting one 
rivet hole from the area of the section, the 
net area is 0 76 — 0.33 «» 0 42 sq in. Since 
the assumed section is standard it W'ill be 
adopted, although it is a little larger than 
required. 

The stress in the lacing bars above the 
knee-brace will be 7300 X sec 46” »« 10,340 
lb. Two rivets will be required in the end of 
each lacing bar, as shown in Fig. 202 (6). In 
some cases a plate is used in place of the 
lacing bars. This is often done when more 
than one rivet is required in the end of each 
bar. Fig. (c) shows an arrangement of this 
kind. The plate is to be connected to the 
angles at intervals determined from the con¬ 
ditions shown in Fig. (c), where V ** shear 
on the section, which is 7300 lb.; f rivet 
value; and x «* distance between rivets. 
Taking moments about a rivet, we have rh "• 
Vxt from which, x -■ rh/V. Assuming a H-in* pUte, the rivets will be in bearing and will have a Value of 5625 
lb. per rivet. Substituting these values in the above equation, x « 5625 X 9.0/7300 6.93 in. In practice a 

spacing of about 4.5 in. would be used. Where the detail shown in Fig. (d) is used, the web plate and the gusset 
plate should be connected as shown. As the web plate is assumed to carry shear only, two rows of rivets in the 
splice are sufficient. If the splice is to be designed for moment as well for shear, the prindples given in the 
chapter on Splices and Connections—Steel Members must be used. 


Jl* i^JcFpxir^jbar 
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Fig, 202 (e) shows a common detail for the base of acolnmn where fixed or partially fixed end 
conditions are assumed. A sole plate, generally about ^ in. thicki is riveted to angles fastened 
to the main angles of the columa Anchor bolts imbedded in the concrete or masonry founder 
tions are placed between pairs of anchor angles. These bolts are tightened up against plate 
wafdiers resting on top of the anchor angles. The anchor bolts are placed in the plane of the 
moment to be resisted. H the stresses are small, one bolt on each side of the base of the column 
is blit where large stresses ere to be resisted, two bolts are used on each side. 
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The conditions for which anchor bolts are usually designed are shown in Fig. 203. Forces P and B are deter¬ 
mined from Fig. 196 (c), which shows the portion of the column below the assumed point of inflection. The deflec¬ 
tion A is so small compared to the other distances that it can be neglected. As shown in Fig. 203, the forces tend 
to tip the column about point A, Taking moments about A 

Mo ^ Hh — Pd/2, where Mo overturning moment. 

Anchor bolts are usually designed on the assumption that they resist all of the overturning moment. If < 
distance from point A to the anchor bolt, 

Stress in anchor bolt - Mo/t (1) 

In some cases t is taken as the distance between anchor bolts. No calculation of the compressive stress in the 
concrete or masonry under the base is made in this method. It is assumed that if the compressive stresses found 
by dividing the load to be carried by the area of the base is kept small, the added stresses due to overturning will 
not exceed allowable limits. 




In Fig. 204 there is shown the conditions for an approximate analysis of the stresses in the 
anchor bolts and the compression on the foundations. The general principles upon which the 
method is based and the assumptions 
made are similar to those used in 
determining the bearing pressures on 
the base of a retaining wall, as given 
in the chapter on Retaining Walls. 

In the case under consideration the 
additional assumption is made that 
when the overturning moment is 
such as to cause tension on any part 
of the base, that tension is taken up 
by the anchor bolts. 

Fig. 204 (a) shows the lower portion of 
the column with forces in position as de¬ 
termined from Fig. 196 (e). The action of 
these forces on the base of the column can 
be repieaented b.y a moment M and a force 
P, as shown in Fig 204 (6). These can be 
represented by the load P placed at a dis¬ 
tance e from the center of the base, where 

e - M/P (2) 

The stresses on the base can be divided into 
two parts; one part due to the effect of P, 
and the other due to M. These stresses are 
shown in Figs, (d) and (e) respectively. The 
resultant stress on the base is the sum of 
these stresses, and is given by the expression 



(0 
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p - P/bd (1 ± 6e/d) 


(3) 


where the several terms have the values shown in Fig. 204. 

It can be shown that if e, as given by eq. (2), is less than d/6, the stresses across the base are entirely com¬ 
pression, as shown in Fig. (/}, and where e is greater than d/6, tension exists on a part of the section, as shown in 
Pis* (fi^)* From similar triangles in Fig. ig) it can be shown that the portion of the base covered by the compressive 
stresses is 

6 e\ d /d 




(4) 


The unit compressive stress on the foundations is given directly by eq, (3). To determine the total tension in the 
anchor bolts, aasume the total tension is taken by the anchor bolt. This tension, JT, is represented by the volume 
of the tension stress diagram, which is 


T - -^Pmin X id 


- E 


^(6l 


^ 24eW V 


(3) 

13,420 lb. and if « 


For the case under consideration, it will be found from Table 1 and from Fig. 198 that P 
8880 X 6 ■■ 18,250 ft.-lb. 219,000 in.-lb. These values occur in the leeward column. 

The details of the column base are shown in Fig. 202. For a column section of the dimensions shown in Fig- 
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201 , a sole i>late 9 in. wide and 20 in. long will be required. These dimensione will be aeaumed for a trial eeetion. 
From eq. (2), e «« 219,000/13,420 16.3 in.; and from eq. (4), with 5 •• 9 in , end d « 20 in , 

, 20* /, , 6 X lb.3\ 

^ " i2‘x le.aC* 20 ) " 

The maximuin oompresaive strees on the foundation ia given by eq. (3) aa 

P/. . 6«\ 13,420/, . 6 X 163\ _ 

^ d)"9X2o(^‘^ 20 )" 442ib. pcrsq in 

Asauming a concrete foundation, this hber atreaa ie allowable, for the working ronipreseive atreaa in concrete is 
usually given aa 650 lb. per aq. in The atreaa in the anchor bolt ia given by eq. (5) aa 
/>d/6a _ ,\*_ 13.420 X 20/^16 3 


T - 


2U\d 


,>.* 13.420 X 20/6 X16 3 

0 “ -24 XW (“^0 - - 0 ’ 


Since there is considerable initial tenaion in the anchor bolls due to the fact that they are screwed up tight 
when the structure ia erected, and since the overturning of the column tends to add to the initial tension, it ia best 
to specify low working stresses for anchor bolts. An allowable stress of 10,000 lb per sq. in. will therefore be 
used. The required area of anchor bolt is then 10,480/10,000 ■■ 1.05 aq in. From the handbooks a l^-in. round 
rod provides an area of 1 054 sq. in. at the root of thread. 


Anchor bolts should be imbedded in the concrete to a depth such that the bond stress 
developed will equal the strength of the bolt. In this case 20 
diameters of the bolt, or 273^^ in., will be required. If a plate is 
used connecting the ends of the bolts, as shown in Fig. 210, the im¬ 
bedment need not be as great as calculated above. All details of 
the column base and anchorage are shown on the general drawing 
of Fig. 210. 

The method of analysis given above, while not exact, is accuratt' 
enough for all practical purposes. A more exact analysis can be 
made by taking into account the relative deformations of the steel 
anchor bolt and the masonry foundation. If the foimdation is made 
of concrete, the methods of analysis given for Bending and Direct 
Stress in Sect. 1 can be used. By this method the stresses in the 
concrete will be foimd to be a little greater than those given above, 
and the stress in the anchor bolt will be slightly less than before. 

The foundations for the columns are designed by the methods given in the chapter on 
Retaining Walls. The total moment to be carried at the base of the foimdation is -f d) 
as shown in Fig. 205. Maximum pressures on the soil can be determined by the same principles 
as explained above for the case shown in Fig. 204. Eq. (3) will give the desired pressures. By 
trial the width of base can be made of the width required to give the desired stresses. 

166. Design of Joints.—The principles governing the 
design of the joints are the same as used in the preceding 
chapter. Field splices will be provided at joints g and c of 
Fig. 197. The columns will be field spliced to the truss at 
joint a, and the knee-brace will be field spliced at both 
ends. Field splices will also be placed at corresponding 
points on the right-hand side of the truss. From the 
shearing and bearing values given in Art. 163, the single 
shear value of a shop rivet is 4420 lb., and the bearing 
value on a ^-in. plate is 5625 lb. Corresponding values 
for field rivets are 3310 and 4420 lb., respectively. Where 
a member is subjected to tension and compression, the con¬ 
necting rivets are to be determined for the greater stress. 

All joints will be practically the same as for the truss 
designed in the preceding chapter, except joints f and a. At joint / the knee4)raoe must be 
epimected to the gusset |>!ate. As a field e^Uce is to be provided and since the rivets are in 
bearing on a ^-in. plate, the rivet value Is 4220 lb. The maximum stress in the knee- 
brace is 18,000 Ib. compression, and 13,000/4420 8.08 rivets are required; three will be 

ttiad. To provide for theae rivets the gusset plate st f will be eniar^, as riiownm the 

■mmia 4nvria§, 1%. m 
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Fig. 206 shows the conditions at joint a. Members a-6 and or-f are connected by shop 
rivets, and the column is connected by field rivets. From Table 1, the maximum stress in the 
upper end of the column is 16,030 lb. Hence 16,030/4420 « 4 rivets are required. Fig. 206 
shows 6 in place. 

The conditions at the foot of the knee-brace, wtiere it is connected to the column, are shown in Fig. 207. Three 
field rivets are rcQuired in the end of the knee-brace, the same number as calculated for this member at joint / 
Two forms of connections to the column are shown in Fig. 207. In Pig (a) is shovvn a form used when the column 
is laced above and below the knee-brace. Extra rivets 
are used in the connection between the gusset plate and 
the column in order to secure a central connection for 
the knee-brace, thus avoiding excess stresses due to 
eccentric moments. 

Fig. 207 (6) shows a detail in which a plate is used 
above the knce-brace because of heavy shears which can¬ 
not be provided for by means of lacing. In this detail 
the knee-brace is connected to the column by means of 
a pair of short angles riveted to the column angles. 

When the knee-brace is in tension, these rivets are sub¬ 
jected to a direct pull, and are in tension. From Table 
I, the maximum tension in the knee-brace is 4050 lb. As 
shown, 8 rivets are provided to take the component of 
the tension perpendicular to the'column, which is 4950 X 
04/111.5 ■■ 4160 lb. The direct tension on each rivet is 4160/8 * 520 lb., which can safely be carried by the rivets. 
Where large stresses in tension are to be carried by the rivets, turned bolts should be substituted for the rivets 

Fig. 202 (d) shows another detail for this joint. It is a combination of the forms shown in Figs. 202 (o) and 
(6) As shown in Fig. 202 (d) the gusset plate and the web plate are connected by a small plate, by means of which 
the shear is transmitted across the joint. Where a web plate is used in Fig. 206 in place of lacing, a similar plate 
muat be provided. In the case under consideration, the web plate is supposed to provide only for tlie shearing stres¬ 
ses. For large columns the web plate is often designed to carry moment as well as shear The connection between 
web and gusset plate must then be designed for shear and moment, as explained in the chapter on Splices and 
Connections—Steel Members. 

167. Design of Girts.—It will be assumed that the sides and ends of the building are to be 
covered with corrugated steel backed with a suitable anti-condensation lining. The siding 
will be spported by girts composed of rolled sections. As stated in Art. 163, the unit wind 
pressure will be taken as 20 lb. per sq. ft., and the working stress in the girts will be 16,000 lb. 
per sq. in. 

The principles governing the design of the girts are similar to those given for the design of 
purlins in the chapter on Design of Purlins for Sloping Roofs in Sect. 2. The girts are to be 
designed for a vertical load due to the weight of the girt and the siding and its lining, and a 
horizontal load due to the wind pressure. (Corrugated steel of No. 24 gage will be used for the 
siding. From the data given in the chapter on Roof Trusses—(general Design, the siding weighs 
1.3 lb. per sq. ft., and the allowable safe span is 4.5 ft. It will be convenient in this case to 
divide the height of the building into six spaces, placing the girts = 3 ft. 4 in. apart. Dn 
the sides of the building the columns are spaced 15 ft. apart, and the wall area carried by each 
girt is 15 X 3^ ^50 sq. ft. Assuming that the anti-condensation lining is composed of two 
layers of ^^4xx, asbestos paper and two layers of tar paper backed by poultry netting, all of 
which weighs about 1*3 lb. per sq. ft., the weight of siding and lining is 1.3 + 1»3 » 2.6 lb. per 
sq. ft., and the total load per foot of girt is 2.6 X 3.33 « 8.66 lb. The wind load per foot of 
i;irt is 20 X 3.33 • 66.7 lb. 

As shown in the chapter on Roof Trusses—Cleneral Design and in Fig. 210, girts are often 
made from channel sections placed with the web perpendicular to the siding, and they are at¬ 
tached to the columns by rivets in the flanges of the channel. When so placed, the discussion 
given in the chapter on Unsianmetrical Bending in Sect. 1 shows that the channel presents its 

of least moment carrying capacity to the action of the vertical loads. To relieve the heavy 
bendiitg stresses thus induced, tie rods can be used extending vertically to the eave strut, or 
funiiing diagonatly itotxk the top girt to the upper ends of the columns. It is not always 
possible to use tis rods due to interference with openings in the walls for doors and windows. 
When tie md* iwe it is leaewwdblo to eesume that the girt takes the honsontal load* end that 
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the tie rods provide for the vertical loads. Two designs will be made, one with tie rods, and 
the other Vrithout tie rods, assuming the girt to be a beam imder unsymmetrical loading. 

Aasuming that tie rods are used, and that the girt takes only the horisontal wind pressure, the total uniformly 
distributed load to be carried by a girt is 50 X 20 « 1000 lb. The moment to be carried, assuming simple beam 
conditions, is - H 1000 X 15 X «“ 22,600 in.-lb. For a working stress of 16,000 lb. per sq. in., 

the section modulus required is//c ■■ M/f «■ 22,500/16,000 1.41 in.* If the least width of the section be limited 

to >40 of the span in order to avoid excessive deflection, the minimum allowable girt section is a 5-in. 6.5-lb. channel 
section. The sise* of the tie rod can be determined by the methods given in the chapter on Design of Purlins for 
Sloping Roofs in Sect. 2. 

Consider now the case where tie rods are not used and the girt is subjected to unss^mmetrical bending. Assume 
a 6-in., 8-lb channel section as a girt The total vertical weight of siding, lining, and girt is then 8.66-f 8.00 ■■ 

16.66 lb. per foot for each girt. As given 
above, the horisontal wind load per foot of 
girt is 66.7 lb. The resultant of these loads, 
as shown by the force diagram of Fig. 208, is 
69.0 lb. Two cases will be considered, (a) 
moment due to resultant load of 69.0 lb. per 
ft. of girt, and (b) moment due to vertical 
loading. For case (a) the moment to be 
carried is 69 X 15 X 23,280 in.-lb., and 

Si - M/f * 23,260/16,000 - 1.46 in.*, and 
for case (b) M - 16.66 X 16* X - 6,630 
in.-lb., and St - 5630/16,000 0 352 in.* 

These values of Si and St are plotted in 
amount and direction to scale in Fig. 208 (6). In the same figure, the 6-Polygon of a 6-in , 8-lb. channel is shown, 
constructed by the methods explained in the chapter on Unsymmetrical Bending in Sect. 1. Since the plotted 
values fall inside the S-line for the assumed channel, the section is satisfactory, and it will be adopted. 

In practice, girt sections are used which are considerably smaller than the section arrived at in this design. 
Where theory and practice differ, as they do in the case under consideration, the designer must rely upon his 
experience and judgment in making a choice of the sections to be used for the girts. In this case, theory will be 
assumed to govern, and the adopted details will be as shown in Fig 210. 

168. Design of Bracing.—The design of the bracing will be governed by the adopted ar¬ 
rangement, which in turn is governed by the layout of the building. A general discussion of 
the form of bracing for buildings composed of knee-braced bents has been given in Art. 129. 

To illustrate the general methods for the design of the bracing of a knee-braced building, 
it will be assumed that the structure under consideration in this chapter consists of 7 bays of 15 ft. 
each, as shown in Fig. 209. Two arrangements of bracing are shown in Fig. 209. In Fig. (o) 
(5), and (c), the framing for the end of the building consists of vertical posts to which the girts 
are attached. Bracing in the plane of the top chord, the bottom chord, and the planes of the 
columns is provided for two pairs of trusses. Wind loads from the ends of the building are 
brought to the lateral trusses by means of rigid bracing. Unbraced bents are connected by 
means of a line of struts at points g and g' of Fig. 197, by struts at the eaves, and by a line of 
struts at the ridge. 

Figs. 209 (c), (f), and (ff) show an arrangement wherein knee-braced bents are placed at 
the ends of the building. These end bents are made the same as the others, so that future 
eactensions in the length of the building are readily made. The figures show the position of 
the other bracing. As the design methods for the two arrangements are similar, detailed calcu¬ 
lations will be given only for the arrangement of Figs, (a) to (d) inclusive. Both of the arrange¬ 
ments for end bracing shown in Fig. 209 are used in practice. The arrangement of Figs, (a) to 
(e) is probably cheaper than the one shown in Figs, (e) to (^), for in the first arrangement all of 
the members are simple beams composed of rolled sections, such as I-beams or channels. 
Very little shop work is required on these members. In the second arrangement, the same 
amount of shop work is required as for the other knee-braced bents, for all are made alike. 
This shop work costs several times as much as that for the first arrangement. The ease with 
which the building can be extended is about the same in both cases. When the entire end of the 
building is to be opened at certain times, the second arrangement is preferable. 

In general the design of the bracing for a structure composed of knee-braced bents con¬ 
sists in the detormination of the wind loads applied to the sides and ends of the building, and in 
the pgmkam of bradyng of suitable sise so located as to transmit the applied loads to the founda- 
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tions of the stnioture. The knee-braoed bents provide the proper resistance to wind on the 
sides and roof of the structure. Provision for these loads has already been made in the design 
of the preceding articles. In the first arrangement shown in Fig. 209, diagonals placed in the 
plane of the ends of the structure provide for the loads not carried directly by the knee-braced 
bents. All wind loads applied to the ends of the building are provided for by the bracing shown 
in Figs, (b) and (c), or in Figs, (/) and (g). 

In the arranRement of end framing shown in Fig. 209 (a), the siding and girts are carried by vertical I-beasia 
supported by the foundation at the base; by a member running across the end of the building at the height of the 
eaves, shown by the dashed line 
from A to A; and by a rafter at 
the roof line. These beams are to 
be designed to carry the wind loads 
brought to them by the siding. 

The dead load effect, which is a 
vertical load, is small and can be 
neglected. As shown in Fig. (a), 
the end of the building is divided 
into four equal parts of 12.5 ft. 
each by vertical beams. Consid¬ 
ering each vertical member as a 
simple beam supported by the 
foundation and the strut A~A , the 
effective span is 20 ft. If the 
reduced wind loading of 20 lb. per 
sq. ft. is used, the load to be carried 
per foot of vertical height is 20 X 
12.5 » 250 lb., and the bending 
moment is Af » H toZ* *• H X 
260 X 20* X 12 - 150,000 in.-lb. 

For a unit stress of 16,000 lb per 
sq. in., which corresponds to the 
reduced wind load of 20 lb., as 
stated in Art. 163, the section 
modulus required is //c « A/// — 

150,000/10,000 - 9.38 in.» From 
the steel hand books, a 7-iu., Id-lb. 

I-beam is required. The same 
section will be used for all mem¬ 
bers. The rafter A-E-D is de¬ 
signed by similar methods, using 
the total load to be carried by 
the roof. 

The exact distribution of the 
wind load brought to the end of 
the building between the bracing 
in the plane of the roof and the 
plane of the lower chord is inde¬ 
terminate. It will be assumed 
that the load on the lower half of 
the building is carried directly to 
the foundations. In Fig. (d), the 
area under consideration is that 
below the lino a-a. The balance 
of the loads will be assumed as carried at points A, B, C, D, and B in proportion to the areas tributary to these 
points. Fig. (d) shows the assumed distribution of areas. The numbers show the areas tributary to the several 
points. At 20 lb. per sq. ft., the loads brought to the several points are as shown on Figs. (5) and (c). The load 
of 1660 lb. at the apex of the truss is assumed to be carried along the ridge strut to the two sets of bracing in the 
plane of the top chord. If this bracing be assumed to be composed of members capable of carrying tension only, 
there are four members in position to take the load. The stress in each member is tlien 1600 X sec 9/4, where 
9 m angle which the member makes with the direction of the wind. In this case the panels of bracing extend over 
two panels of the top chord, or 14 ft., and the trusses are 16 ft. apart. Therefore, sec 9 - (14* -f 16*)W/i6-« 1.37. 
The stress in the members of the upper panel of bracing is then 1660 X 1.37/4 536 lb. 

Ths bracing in the lower panels of the top chord bracing must carry i4ie loads at points E and Z> of Fig. (a), or 
1660 4* 780 780 8120 lb. As before, four members carry this load, and the stress in each member is 3120 X 

1.87/4 1070 lb. 




(0 

Sroang in Plane of Lower Chond 
Fxq. 209. 
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The streases in the bradng* m eelculated above, are aU very email. A single X 2 X >i-in. angle, the 
minimum allowable under the conditions of Art. 161, k sufficient for all members. The details of the bracing are 
shown in Fig. 210. 

The loads acting on the bracing in the plane of the lower chord are shown In Fig. (c). These loads are distri¬ 
buted to the bracing by means of struts connecting points C and b, e. As the loads are small, the sise of the 
struts will be determined by l/r conditions. The length of strut Bb is (12.6* + 16 *)H » 19.5 ft. As the stresses 
are very small it is reasonable to allow a maximum value of l/r - 175. Then r« 19.5X 12/176 - 1.34 in. From 
the steel handbooks two 4 X 3 X H 6-in. angles with the 4-in. legs separated by a ^-in. space have an r of 1.3 in. This 
section is considerably larger than the one used in practice. For the same reasons as given at the close of Art. 167. 
the above design will be adopted, as shown in Fig. 210. 

The load at points e of Fig. (c) is brought to this point from joints B and C by the struts Ce and Be. From the 
conditions at points C, it can be seen that the two struts Cc each have a component of stress parallel to the load 



Fig. 210.—General drawing of knee-braced roof truss. 



which 18 equal to one-half of the load. Similar conditions hold for struts Bh and Be at joint B. Therefore the loa<l 
brought to point Cis H (3600 + 3,280) - 3970 lb. Assuming that the diagonals carry tension only, and that the 
loads are carried by the diagonals in both sets of bracing, the stress in members b-d is >4 X 3970 X sec 4 Wh 3180 lb. 
The minimum section, which is a 2H X 2 X >i-in. angle, will furnish sufficient area. The lines of struts connecting 
the two panels of bracing in the plane of the lower chord will be made of the section as used for struts Cc, etc. 

Fig. 209 (b) shows the bradng in the plane of the columns. All of the wind load above the line m of Fig. (d) 
must be carried to points A, and thence by the eave strut to the two panels of bracing. As shown in Fig. (b), the 
load to be carried by each set of column bracing is 8120 lb. Assuming that members take tension only, members 
o-b each have a stress of H X 8120 X sec 6 - 7650 lb, A 2H X 2 X «-in. angle will provide sufficient area. In 
some cases rods are used in place of rolled sections. When rods are used they are fattened to a gusset plate by means 
of a clevis. Some designers consider rods preferable to rolled shapes because the erection kt the field is somewhat 
^mplier than for riveted joinis. 

The eave strut, shown in Fig. 210, is composed of four angles la^ to form a rigid member. As a rule these 
members are not dedgasd for any definite etreee, but are made up to answer l/r conditions. 

Complete deteib of tiie etnictiue designed in tiie proceding articles are given on the general 
dirawlng of Fig. 210. 
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ARCHED ROOF TRUSSES 

By W. S. Kinne 

169. Fonn of Arch Trusses.—Roof trusses of the type designed in the preceding chapters 
do not in general provide an economical structure for spans exceeding 100 ft. A more econo¬ 
mical type of roof truss for long span trusses is provided by the arch type. As stated in Art. 
121 of the chapter on lioof Trusses-Gencral Design, an arch is a type of framed structure in 
which the reactions at the supports are inclined to the vertical for all conditions of loading. 

Arches used for roof trusses are usually classified according to the method of supporting 
the structure, and according to the type of framing. As arches are commonly supported at 
the abutments by means of pins, which are known as hinges, the method of supporting the arch 
is designated by the number of hinges used. In Fig. 211 (o) is shown a type of arch which is 
rigidly fastened to the 
abutments without the 
use of hinges. This is 
known as a hingless arch. 

Fig. 211 (6) shows a type 
in which two hinges are 
used, one at each abut¬ 
ment. This is known as 
a two-hinged arch. In 
many cases a third hinge 
is provided at the crown 
of the arch, as shown in 
Fig. 211 (c). This is 
known as a three-hinged 
arch. 

In general, two types 
of framing are used for 
arched roof trusses. A 
very common type con¬ 
sists of a trussed frame work of the form shown in Fig. 211 (d). This type is known as a braced 
arch. The type shown in Fig. 211 (c) is a plate girder form, which is known as a ribbed arch. 

An arched roof truss is generally designated by a combination of the two classifications 
given above. Thus Fig. 211 (d) shows a two-hinged braced arch. Other classifications are in 
use, but the one described above is widely used, and is comparatively simple. 

A great variety of arch trusses have been used in building construction. Many of these 
structures are described in architectural and engineering periodicals. Examples of arches of 
the several types given above will be shown and the relative advantages of the several types 
will be discussed. In general it can be said that an arch truss requires rigid and practically 
unyielding abutments, since arches,, with the exception of the three-hinged type, are statically 
indeterminate, and any yielding of the supports will result in large changes in the stresses in 
the members. 

Hingeless arches supported directly on the abutments, as shown in Fig. 211 (e), are seldom 
used in building construction. This type of arch requires absolutely rigid supports, a condition 
which is difficult to realise in practice. In framing the roofs for some of the recent large termi- 
nad railway stations, arch trusses are used which are riveted to heavy columns. As the columns 
are very heavy, they form practically a rigid support for the arch, which can therefore be 
assumed as a hingless arch. 

The two4unged type of arch Is used to great advantage where a comparative rigid structure 
Is desined'^^i for example, where fioors are to be supported over a large drill hall or aucfitorium. 
This type of construction is used in the Armory and Gymnasium of the University of WisoonsiiL 

913 shows a cross section of the building and the general outline of the arch trusses. 

w 
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Two-hinged arches require rigid supports, but, due to the fact that hinges are supplied at 
the supports, the moment at these points is zero. Hence the abutments can be designed for 
direct thrust only. If the foundation conditions are uncertain, or if the points of support 
are considerably above the ground level, as shown in Fig. 212, the horizontal components of the 
reactions can be taken by means of a tie rod which connects the two end hinges. In Fig.212, 
this tie rod is placed just under the floor. Where tie rods are used, it is usual to anchor one end 
of the arch to the abutments, and to place the other end on sliding plates or on rollers. In 
this way the abutments can be designed to take up the vertical loads, and the tie rod can be 
designed to take up the horizontal forces. 

Three-hinged arches are somewhat more flexible than arches of the other types, and are 
used advantageously for structures in which only a roof load is to be carried. Arches of the 



three-hinged type are statically determinate—^that is, all stresses can readily be determined by 
the methods of simple statics. In this respect they have a great advantage over the other types, 
as the work required in stress calculation is greatly simplified. 

Many three-hinged arches of long span have been constructed in recent years for use in 
drill halls, auditoriums, and exposition buildings. A typical three-hinged arch construction is 
used in the drill hall at the University of Illinois. This structure is described in the Engr, 
News for Dec. 11, 1913, p. 1182. Fig. 213 shows the form and general dimensions of the arches. 

In buildings in which a large floor is surroimded by galleries, the members of the arch frame 
interfere with free passage along the gallery, as shown in Fig. 214. This difficulty has been 
avoided in certain structures by placing the arch on cantilever brackets above 
the gallery level. A structure arranged in this manner is described in Engr, 
News, vol. 63, No. 18. 

The spacing of arch trusses to be adopted in a given structure should be 
rather wide. Since in general the trusses are quite heavy, and since consid¬ 
erable shop work is required, the cost of the trusses per square foot of covered 
area is large. Therefore, to obtain economical conditions a wide spacing of 
trusses must be used, as shown by the discussion given in the chapter on Roof 
Trusses—General Design. In general, a truss spacing of from 25 to 40 ft. is 

used. This spacing requires the use of framed trusses between the arches. 
These trusses act as purlins, and also form part of the bracing required for the arches. The 
design of the purlins and the roof covering is carried out by the methods used in the preceding 
chapters. 

The shape of an arch truss is generally determined by the architectural features of the 
structure. From the standpoint of the structural designer, it is desirable that the adopted form 
of the arch be one that can readily be laid out. This assists greatly in the preparation of the 
stress diagrams and the working drawings. A form of arch whose outline is composed of cir¬ 
cles, o|a comliinahkm of circles, is destrable from this standpoint. 



Fio. 214. 



Sec. 8-170] 


STRUCTURAL DATA 


567 


Suppose that in a given case it has been decided that an arch composed of circles is to be 
formed to pass through the points A, B, C, Z), and E of Fig. 215. Suppose further, that AB 
is a single arc, and that EC is composed of two arcs which are tangent at B. Formulas for the 
determination of the required radii will now be given. These formulas are all based on propo¬ 
sitions given in plane geometry, to which the reader is referred for proofs. 

From plane geometry, the formula for the radius of a segment of a circle, for which the 
chord and the rise or mid-ordinate are known, is 


Radius 


m chord) ^ -f (rise)^ 
2 X rise 


As stated above, AB is the arc of a circle. Fig. 215 shows that }4 chord *= AK, and rise 
^ BK. These distances can be scaled from a layout of the arch, or calculated from given data. 
Hence, 

p -f jBK)^ 

2BK 

In the same way, the radius of the arc DC is 
^ __ (DLP + (CL)^ 

2CL 

Since arcs DC and DE are tangent, the center for arc DE 
lies at Gj a point on radius DF. The value of Ra can 
be calculated by methods similar to those used above. 

In general, the rise of the arc ED is so small that it can 
not be scaled with sufficient accuracy. However, by 
measuring the vertical and horizontal projections of the 
arc DE and the angle a included between the radius DF 
and the vertical, easily measured distances are obtained. 

For the distances given in Fig. 215, it can be shown that 
p == 1 (Ailf + (MD)^ 

* ' ^ Mb cos a—EM sin a 

Many different arrangements of web members are 
used in framing a braced arch. Two common methods 
are shown in Fig. 215. In Fig. (a) the web struts are 
placed on the radii of the chord members. In some cases 
the radii of the top chord are used; in others the radii of 
the lower chord are used; and in a third case the radii of 
an arc half way between the two chords are used. Fig. (6) shows a case in which these 
members are placed in a vertical position. In Figs, (a) and (6), the other web members 
are placed at about 45 deg. to the struts. The panel lengths are usually arranged so that 
this is possible. 

The adopted arrangement of truss members will depend to some extent on the type of 
roof framing which is to be \ised. If the purlins are seated on the top of the upper chord members, 
either arrangement can be used. In general this implies comparatively close truss spacing so 
that rolled shapes can be used as purlins. If deep trussed purlins are used, it is desirable that 
they be placed in a vertical position. Hence a framing with vertical members is best adapted 
to this construction. 

170. General Methods for Determination of Reactions and Stresses.—The several types 
of arch trusses will be considered in the order determined by the difficulties encountered in the 
determination of the reactions. This order is (o) three-hinged arches, (6) two-hinged arches, 
and (c) hingeless arches. 

The calculation of reactions and stresses in arch structures can be made either by algebraic 
or by graphical methods. In general, graphical methods will be found preferable, for the calcu¬ 
lation of the lever arms of xhembers and forces in the algebraic method requires considerable 
time. However, in many oases these lever arms can be scaled with sufficient accuracy from a 
large scale drawing of the truss. Under such conditions, the two methods require about the 
W 
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same amount of time. In the work to follow, algebraic and graphical methods will be given for 
the solution of reactions and stresses. 

170o. Three-Hinged Arches —Algebraic Solution for Reactions ,—^Let Fig, 
216 represent a three-hinged arch acted upon by loads Pi, Pj, and Ps. It will be assumed 
that the points of support, A and B, are on the same level. The reactions at A and B can be 

represented by two forces at each point. 
Let Hiy Vit and Bt, Vt represent these 
forces, assumed to act as shown. 

At first sight, the problem is inde¬ 
terminate, for there are four unknown 
forces present, and as stated in the 
chapter on Principles of Statics” in 
Sect. 1, only three unknowns can be de¬ 
termined in any system of non-concui^ 
rent forces. However, the introduction 
I 1 \ / 1 crown, point C of Fig. 

I_ [/ _J 216, reduces the moment at this point to 

^ zero. This can be made the basis of an 

Independent moment equation. This 
yf 1^ equation, together with three equations 

\ _r derived from the conditions of equilibrium 

^ stated in Sect. 1, gives rise to fourinde- 

^ ^ pendent equations from which the reac- 

j/ tions can be completely determined. 

H ^ In applying the four independent 

> 4^--- ^ -^equilibrium conditions stated above to 

t_ gr ^ ^ h J the determination of the reactions for 

V r ~ the conditions shown in Fig. 216, it will 

^ ^ be found convenient to use moment 

equations about A and B, considering 
the structure as a whole. Thus from moments about B equal zero, we have 


ML 

m 


Vil - PiC - F,d - Pje » 0 


from which 


PiC + Pid -f P,c 
I 


In general terms, this can be written 


where P * any load, xb = distance from moment center B to this load, and I » span length. 
The value of V 2 is given by a similar moment equation about point A, from which 

V, = (2) 

where xa is the distance moment center A to any force P. 

On separating the structure at the crown, as shown in Figs. 216 (c) and (6), and writing a 
moment equation about point C for the forces on the left of Uie point, as shown in Fig. (6), we 
have 

-f Fia - Piib - P,g - Hih « 0 

from which 

In ihe same way, motueniM nliout C tor load, un the riftht Mid« of.the «rown. vhown tn 1%. 
(#) gives 


8<imc« 3—ITOa) 
from which 
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V^h - 
h 


(4) 


If H check on the calculated values is desired, it can be obtained by summation of vertical and 
horizontal forces for the structure as a whole, from which 


and 


Vi “f F 2 ~ SP cos d 
III — Hi — sin $ 


where P is any load and 6 is the angle between the line of action of this load and the vertical. 
Eqs. (1) to (4) are general, and can be applied to any loading conditions. 

In calculating the stresses in the members of the arch, the forces acting on the crown hinge 
must also be known. These forces can readily be calculated for the conditions shown in 
Figs, (h) and (c) as soon as the reactions at A and B arc known. 

Graphical Solution for Reactions ,—Graphical solutions are based on the fact that zero 
moment at any point indicates that the resultant of the forces on either side of the point must 
pass through the point in question. Since the equilibrium polygon for any set of forces re¬ 
presents the action line of resultants on either side of a point, and since hinges are assumed to 
be points of zero moment, it follows that the equilibtium polygon drawn for the loads on nuy 
three-hinged arch must be made to pass through the three hinges. The solution of this problem 
therefore consists in passing an equilibrium polygon through three given points- Several 
typical cases will now be considere<l in detail. 

The W’ork which follows is based on the principles of graphic statics given in the chapter on 
“Principles of Statics'^ in Sect. 1. Therefore, construction methods for the several cases wu'll 
be explained, but, in general, proofs will not be given for these methods. 





BimAi Load on One Arm of Arch, —^Blg. 217 («) ahowa a single vertical load on one arm of a three-hinged areh. 
Since thete is no load on the right-hand arm of the arch, and since, as stated above, the line of the resultant foroes 
passes thipugh the hinges, it is evident that the reaction Rt acts along a line connecting hinges U and C, as shown in 
Fig, (a). Also, since the stouoture under consideration is in equilibrium, the resultant of the forces on either side 
of load P most meet at a point on the aodon line of the load. Therefore, to find the direction and position of the 
action line of iJj, produce CB to an intersection with P at point JO, and connect A and D. The position and direc¬ 
tion of i^i and 1^1 are then completely determined. , 

To determine the amount of R\ and Ru construct a force diagram, as shown in Pig. <6). Lay off force P in 
ataount and difteto to any scale. By the methods given in Sect, l, resolve P into components P»»ll« to ^e 
aeHon Umm of Bi and aa giveiilB Ffg. (a). The reeulting forose give the amount of the reactions, which are thtie 




670 


HANDBOOK OF BUILDING CONSTRUCTION 


[Sec. 3k"170<i 


oompletely deterznined. If values oorresponding to Hi, lit, Vi, and Ft of the algebraio solution are required, they 
can be determined by resolving Ri and Rt of Fig. (b) into their vertical and horisontal components. Fig. (c) shows 
the construction for a single horisontal load. 

Any Sei of LoatU. —Fig. 218 (a) shows a three-hinged arch supported by hinges at A, B, and C and carrying a set 
of inclined loads on both arms. The complete solution for the reactions at A and B requires that an equilibrium 
polygon tor the applied loads be passed through points A, B, and C. 

Construct a force diagram for the applied loads, as shown in Fig. (b). As the location of the pole for an equili¬ 
brium polygon which will pass through the three given points is not known as yet, it must be determined by cut- 
and-try methods. Assume any pole, as O' and construct the corresponding equilibrium polygon. All lines for 
this construction are shown dotted in Figs, (a) and (b). In constructing this equilibrium polygon begin with the 
string which passes through the point C, For the case under consideration, this is a line prallel to O'd of Fig. (b). 

Assume for the purpose of this discussion that the applied loads are divided into two groups composed of the 
loads on either side of point C —that is, loads Pi, Pt, and Pi in one group, and P* and P# in another group. Deter¬ 
mine the direction of the resultants of these two groups. The line a-d of Fig (b) shows the direction of the resultant 
for Pi, Pi, and P», and d-f shows the direction of the resultant of P 4 and P*. In Fig. (a) draw through points 
A and B lines A-D and B-E parallel respectively to a-d and d-f of Fig. (b). Draw the closing lines D-C and C-E 
of Fig. (a) for the equilibrium polygons for the two groups of loads, pole at O'. In Fig. (b) draw lines O'P and 
O'D parallel resfiectively to D-C and C-E of Fig. (a). This operation is equivalent to assuming that the two 
groups of loads are supported at points A and C for the left-hand group and C and B for the right-hand group by 
forces parallel respectively to the resultants of the two groups. 

From the principles of graphic statics it can be shown that while an infinite number of equilibrium polygons 
can be drawn through point C for the conditions shown in Fig. (a), in all of these polygons the last string for each 
group and its closing line will always intersect on the lines A-D and B-E produced. Also, points F and G of Fig. (b) 
locate the points of load divide for A and C and for C and B. The position of these points will always be the same, 
regardless of the assumed location of the pole O'. Hence these statements also hold ^rue for the equilibrium polygon 
for points A, B, and C, in which case the intersection of last strings and closing lines is at points A and B of Fig. (a). 
Therefore A-C and C-B are the closing lines for the required equilibrium polygon. 

To locate the pole of the required equilibrium polygon, in Fig. (b) draw F-O and G-0 parallel respectively to 
A-C and C-B of Fig. (a). Point 0 of Fig. (b), the intersection of F-O and G-O, is the required pole, and the full line 

equilibrium polygon of Fig. (a) passing through points 
A, B, and C is the required polygon. The direction 
of the reactions at A and B is given by the last 
strings of the true equilibrium polygon, produced, as 
shown in Fig. (a), and the amount of the reactions is 
given to scale by the corresponding forces in Fig. (b). 
Thus Bi is given by O-a and Rt is given by 0-f. 

Where the applied loads consist of a set of 
parallel vertical forces, all of which are unequal in 
amount, the construction of Fig. 218 can also be 
used. A somewhat simpler solution for this case is 
shown in Fig. 219. Again assume any pole, as O' of 
Fig. (b), with a pole distance Hu Construct the 
corresponding equilibrium polygon, which is shown 
by the dotted lines of Fig. (o). Measure the vertical 
intercept, y of Fig. (a), between the string of the 
equilibrium polygon which passes through C and the 
closing line D-E. 

From the principles of graphic statics, the mo¬ 
ment at C due to vertical forces to the right or left 
of the point is Ma -• Hxy, where Hi pole d^tAnce, 
and y » the intercept described above. Consider the 
corresponding value for the equilibrium polygon 
through points A, B, and C, as shown in Fig. (a). The closing line is A-B, the equilibrium polygon passes through 
point C, and the vertical intercept is h, the height of the crown hinge above hinges A and B, If H be the true pole 
distance, HA, But the moment about C is a constant and hence the two expressions for Me given above 

are equal. Therefore on equating the above expressions, the value of the true pole distance H can be determined. 
On equating these expressions for Me we have, Hiy <» HA, from which, H « //i y/A. 

A graphical solution of this equation is shown in Fig. (c). To obtain the value of //, draw a set of rectangular 
axas ^ and 2-5. On the horisontal axis lay off the value of Hi, represented to scale by 2-5, and on the vertical 
axis lay off v 1-2 and A 2-4. Connect points 4 and 5, and through 1 draw 1-3 parallel to 4-5. Then H 
2-3 to the same scale as Hu 

To locate the true pole O in Fig. (b) draw through O' a line O'-F parallel to D-E, the closing line of the dotted 
equilibrium polygon of Fig. (a). Then F of Fig. (6) is the load divide point of the vertical forces. Since the 
dosing lines for all poles intersect at pdnt F, and since the closing line for the true polygon is a horisontal line» 
draw ffiMDa point F a horisontal line. Lay off on this tine F-O If of Fig. (c). Point O of Fig. (b) is the required 
pde. T|ke full line equilibrium polygon of Fig. <a) shows the required polygon. Fig. (a) shows the direotloo of 
tke leaetfotti end Hi* Their amount is shown in the force pdygem of Fig. (h). 
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A special case of vertical loading, in which equal loads are symmetrically placed with respect to the crown 
hinge, is shown in Fig. 220. Since the loads are symmetrically placed with respect to the crown hinge, only half 
of the force diagram and the equilibrium polygon need be drawn, since it is known that the string of the equilib¬ 
rium passing through point C is horizontal, as shown in Fig. (a). Draw the force polygon for the loads to the left 
of the center, as shown in Fig. (h). Choose a pole O' and draw an equilibrium polygon, shown by the dotted lines 
of Fig. (a). Since the loads are symmetrical about the center hinge, the closing line of the trial equilibrium polygon 
will always be horizontal. Therefore, O' is to be located on a horizontal hue through point d of Fig. (&). 

Produce A~E and D-E, the first and last strings of the equilibrium polygon, to an intersection at point E of 
Fig. (a). This locates a point on the line of action of the resultant of the group of loads to the left of the crown 
hinge. This resultant is shown by R in Fig. (a). Since the first and last strings of the equilibrium polygons drawn 


for any polo will meet on the line of action of R, the true 
pole can be located as follows: Through hinge C draw a 
horizontal line C~F intersecting R at F. This line is the 
last string of the equilibrium polygon through points A, 
B, and C. Connect A and F. The resulting line is the 
first string of the required equilibrium polygon. To 
locate the true polo in Fig. (h), draw from point a a line 
a-0 parallel to A-F of Fig. (a). Then O of Fig. (6) is 
the required pole. The true equilibrium polygon is 
shown by the full lines of Fig. (a). 




Fig. 220. 


Fig. 221. 


Fig. 221 shows a three-hinged arch supporting loads on one arm only. Since there are no loads on the right- 
hand side of the arch, the direction of Rt is given at once, as shown in Fig. (o). The construction is the same as for 
Fig. 217. Construct the force polygon of Fig. 221(6) and choose a pole O'. Since the last string of the equilibrium 
polygon must pass through C and B of Fig. (a), the pole O' of Fig. (6) should lie on a line c~0' which is parallel to 
B-C of Fig. (a). Construct an equilibrium polygon for pole O'. This polygon is shown by the dotted lines. Begin 
the construction at point D, and close on a line A^-E^ which is parallel to the resultant of the applied loads. Line 
o-c of Fig. (6) shows the direction of this resultant. The closing line of the polygon is E-C of Fig. (a). In Fig, (6) 
locate the load divide point 0 by drawing through O' a line O'-O parallel to the closing line B~C of Fig. (a). To 
locate the true pole for an equilibrium polygon through A, B, and C, draw from point O of Fig. (6) a line 0-0 
parallel to A-(7 of Fig. (a). Point O of Fig. (6) is the required pole. Fig. 221 shows the required construction. 

This problem can also be solved by assuming that the applied loads are replaced by their resultant B. As¬ 
sume a pole O' as before and locate the position of R. The construction is shown by the dotted lines of Fig. 221 
(a). By applying the same principle as used in Fig. 217 for a single load, the direction of Rt can be determined at 
once, for the action line of Ri meets the resultant B at F, a point on B-C produced. 

Temperature Stresses .—The changes in the reactions and stresses in three-hinged arches 
due to changes in temperature are so small compared to the stresses due to direct loading that 
they are usually neglected. It will be found that the effect of temperature changes on a three- 
hinged arch is to increase or decrease the dimensions of the structure, depending on the character 
of the change. If the abutments are rigid, the change in dimensions results in a rise or fall of 
the crown hinge. If a tie rod is used, so placed as to be protected from sudden changes of tem¬ 
perature, a similar effect is produced. When the tie rod is exposed to the same conditions as 
the truss, both crown and abutment hinges change position. However, it can be shown that 
assuming very severe conditions, the changes in dimensions will not exceed 0.1 % of the princi¬ 
pal dimensions of the structure. Hence temperature changes can be neglected. 

1706. Two-Hinged Arches. —The reactions at the points of support for any 
two-hinged arch can be represented by four unknown forces, as shown in Fig. 222 for a braced 
arch* Since there are four unknowns to be determined and only three independent equilibrium 
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equations are available^ another independent condition must be at hand from which a fourth 
equation can be formed. In structures of the two-hinged type, the fourth condition equation 
is made to depend upon the elastic deformation of the arch. This elastic deformation is there¬ 
fore dependent upon the form of the arch, the sizes of all members, and the conditions of the 
end supports. l?^ere rigid supports are provided, an equation is formed which states that the 

horizontal movement of one support with respect to the other 
is zero. If the resistance to horizontal forces is provided by a 
tie rod connecting the two supports, it is usual to anchor one 
end of the arch truss to the foundations and to place the 
other end on rollers or a sliding plate. For this construction 
the movement of one support with respect to the other is 
placed equal to the extension of the tie rod. The method 
outlined above will be applied to two-hinged arches of the 
braced and ribbed type. 

Reactions for a Two^Htnged Braced Arch, —Fig. 222 shows 
a two-hinged braced arch with a tie rod connecting the hinge<l 
points of support. It will be assumed that support B is 

anchored to the foundations and that support A is placed on rollers. Assume that the 
structure carries the loads Pi, P 2 , and P», acting as shown. Applying the three conditions of 
static equilibrium to the structure of Fig. 222, we have 



and 


Fi « SPxa/n 

Fa « T^Pxa/i] 

Hi - Ih * ^Psine 


(5) 

( 6 ) 


In these equations P =» any load, xa and xb ~ perpendicular distance from any load to A and 
B respectively, 0 ~ angle which any load makes with the vertical, and I =* span between hinges. 

The fourth independent equation is made to depend upon the elastic deformation of the 
arch. As stated above, the movement of point A with respect to point B is to be placed equal 
to the extension of the tie rod. This movement can be calculated by methods for the determi¬ 
nation of the deflection of framed structures given in standard works on bridge stresses.^ From 
these works, the deflection of any point in a framed structure is given by the formula 

D - 25* m 

where D » deflection of any point; S » stress in any member due to the applied loads; u « 
a ratio which is equal to the stress in any member due to a 1-lb. load applied at the point whose 
deflection is desired and in the direction of the desired deflection; I » length of any member; 
A « its area; and E modulus of elasticity of the material of which the structure is built. 

In the case under consideration, the tie rod is a tension member. Hence the movement of 
point it is to the left. The 1-lb. load used for the determination of values of u is to be applied 
horizontally at point A and acting to the left. It is assumed that the tie rod is removed when 
values of u are calculated. 

Let Hi n stress in the tie rod, and let Ai, L, and Et « respectively, the area, length, and 
the modulus of elasticity of the material for the tie rod. The extension of the tie rod under a 
stress Hi is then HtltAiEf Placing the extension of the tie rod equal to the horizontal 
movement of point A, as given by the general equation for deflection, we have 

%lE^ - ® 

III this formula, is the stress in any member of Fig. 222. This stress can not be determined 
until Hi k known. However, 8 can be expressed in terms of Hi and the stress In any member 
of the arch of Fig. 222 with the tie rod removed. This can be d^ne in the following manner: 
Remove the tie rod and calculate the stresses in all members of the statically determinate arch 
tinssis ibm formed. Let 8* denote this stress for any member. Since By and u have the satne 

Wmmed StmotuM*, by Jobiiw>ii. myzn, und Turuaaurr, I»»fts I and It 
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line of action, it iu evident from the definition of u given above that the effect of Hi on the etrese 
in any member can be <*,xpres8ed by a term of the form -Htu. The minus sign is used because 
by definition the 1-lb. load acts to the left with respect to point Ay while Hi is a tension and there¬ 
fore acts to the right with respect to point A, This difference in direction can be accounted for 
by the use of a minus sign. We then have 


S - S' - //,w 

Substituting this value of S in efj. (8), 

XUi5“ '''AE'^} AiE, 

Solving this equation for Hi, the stress in the lie rod is found to be 


-in - j L 

%AE AtEt 

In substituting in eq. (10), close attention must be paid to the signs of the stresses S' and ii. It 
will be best to use plus for tension and minus for compression. When S' and u are multiplied, 
like signs result in plus values, and unlike signs result in minus values. If the signs have been 
correctly handled, the sign of the result will indicate the direction of Hi. A plus sign indicates 
that the arrow in Fig. 222 acts as shown, and a minus sign indicafes that Ih acts in the opposite 
direction. 

With eq. (10), and eqs. (5) and (6) given above, the reactions can be determined for an arch 
with a tie rod. If the hinges are supported by rigid abutments, the effect is equivalent to a 
tie rod of infinite area. For this condition, the term U/AtEt is zero, and eq. (10) becomes 

S S'l 

AE^ 


Again, if no tie rod is provided, and if the abutments do not provide lateral support, Ai can be 
taken equal to zero. For this condition the denominator of cq. (10) becomes infinite and hence 
Hi » 0, or, Fig. 222 is a simple span. 

It will be noted in eq. (10) that the value of Hi is dependent upon the form of the arch 
truss, as indicated by S'y w, and I, and also upon the size of the members, as indicated by A 
Therefore, before Hi can be determined for a given arch, the areas of the members must be 
known, or they must be assumed. If the structure to be designed is similar in size and loading 
conditions to an existing structure, it is possible to draw some conclusions regarding the probable 
size of members for the proposed structure. When this information is not available, a prelimi¬ 
nary design can be made, using a value of Hi determined on the assumption that all members 
have the same area. Stresses in all members can then be determined by methods to be presented 
later in this article. After the stresses have been determined, members can be designed to fit 
these stresses. Using the areas thus determined, another calculation for Hi can be made, the 
stresses in the members recalculated, and the members redesigned, if necessary. Usually it 
will be found necessary to make only one complete design following the preliminary design. 

H^ecl of Temperature Changes on a Two-Hinged Braced Arch, The reactions at the points 
of support of the two-hinged arch of Fig. 222 due to changes in temperature can be deter- 

u of eq. (10) an expression for the change in the 

distance between points of support due to the given temperature change. Assume that the 
structure of Fig. 222 is supported by rigid abutments at A and H. Suppose that the tempera¬ 
ture rises t degrees. If the coefficient of linear expansion of the material of which the arch is 
constructed is e per unit of length, the change in the distance from A to H is -f etl. If Hi denote 
the horiisontal reaction at A, we have from eq. (10), 

2 : 0 “’ 
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The plue sign is to be used for a rise in temperature^ and the minus sign is to be used for a 
fall in temperature. For a rise in temperature Hi and Hz act as shown in Fig. 222; for a faU 
in temperature they act in opposite directions. It is to be noted that for temperature changes^ 
Vi mVz^ 0, and that Hi «= Hz. 

Where a tie rod is used which is protected from changes in temperature due to the fact that 
it is under ground in a special trough, the methods for the calculation of the reactions are the 
same as given above. In this case the temperature change t must be based on the known or 
assumed difference in temperature between truss and tie rod. The denominator of eq. (11) 

must include the term -x-W of eq. (10). 

At at 


When A and B of Fig. 222 are connected by an exposed tie rod, for which temperature changes 
are exactly the same as for the rest of the structure, it can readily be seen that /f < = 0, for a 
temperature reaction exists only when resistance is offered to the tendency of the framework 
between A and B to expand. Rigid supports, or a tie rod which does not expand as much as 
the frame work will cause a temperature reaction, while a tie rod whose expansion is equal to 
that of the frame work will not cause a temperature reaction. 

The temperature change to be used in the calculation of //* of eq. (11) varies with the con¬ 
ditions. For a building which is heated and is not subjected to sudden changes in temperature, 
15 to 20 deg, above and below the normal, or a range of 30 to 40 deg. is sufficient. If severe 
conditions are to be expected, with sudden changes of temperature, 50 or 60 deg. above and below 
normal, or a range of 100 to 120 deg. should be specified. 

Ribbed Arches of Two Hinges ,—Hinged arches of two hinges are seldom used in building 
construction. For methods of calculation for structures of this type the reader is referred to* 
standard text books on the subject of arches.^ 

170c. Hingeless Arches.—Hingeless braced arches of the type mentioned in Art. 
169 have been used to some extent in building construction. Arches of the hingeless type are* 
used extensively in bridge work, particularly in the form of steel or reinforced concrete ribs. 
Since the essential difference in the bridge and roof arch of the hingeless type lies in the applied' 
loading, the reader is referred to standard works on the subject of steel and concrete arches.* 
170d. General Methods for Determination of Stresses in Braced and Ribbed' 
Arches.—Stresses in the members of a braced arch, or in the web and flanges of a ribbed arch,, 

are best determined by graphical or semigraphical methods. 
Algebraic methods can also be used, but in general such 
methods require considerable time for the solution of the 
problem. The accuracy of the results obtained by the 
algebraic methods is probably somewhat greater than is. 
possible by the use of graphical methods. However,, 
graphical methods give results which are accurate enough 
for all practical purposes, and since much time can be 
saved thereby, especial attention will be given to graphical 
methods in the work to follow. 

In Art. 172 is given a complete solution for stresses 
in a three-hinged arch. A detailed discussion of the methods employed is given in connection 
with this solution. 

The stresses in an arch of the two or three-hinged type can be determined as soon as the 
applied loads and the reactions at the supports are known. In general the principles of stress 
determination are similar to those given in Sect. 1, although the presence of inclined reactions 
and the curvature of the arch rib causes slight modifications in the methods of calculation. 
While the arch rib is essentially a curved beam, in most cases the depth of the arch rib is so small 
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compared to its radius of curvature that the internal stresses can be determined without appre¬ 
ciable error by the methods given in the chapter on Bending and Direct Stress in Sect. 1. 

An algebraic solution will be given for the conditions shown in Fig. 223, which represents a 
portion of an arch hinged at A with all forces in position. The internal stresses are repre¬ 
sented by a moment, M j a thrust, T j and a shear, V, These internal stresses can be deter¬ 
mined by summations of moments and of vertical and horizontal forces taken about the center 
of gravity of the section, including all external applied loads and reactions. Thus from Fig. 
223 

M = - Hiy - Pia ~ P^b = XM (12) 

If SF =s Fi — Pi cos $i P 2 cos $2 and S// = Hi -j- Pi sin ^1 -f P 2 sin ^ 2 , which are respect¬ 
ively the summations of vertical and horizontal external forces, we have 


T ^ (XV) sin « + (S//) cos a 


(13) 

(14) 




and 

V" = (XV) cos a — (XH) sin a 
where a is the angle which the tangent to the arch axis makes with the horizontal. 

Having given the internal forces acting on any section, the fiber stresses can be determined 
from the expressions 

/. = 

A ^ I] 

where T and M are as given above; /i and ft = the fiber stress on the extreme upper and lower 
fibers, respectively; ci and C 2 ~ the corresponding distances from the extreme fibers to the 
center of gravity of the section; and A and / = 
area and moment of inertia of the section re¬ 
spectively. The derivation of these equations is 
explained in the chapter on Bending and Direct 
Stress in Sect. 1. For the conditions shown in 
Fig. 223, the fiber stresses given in eqs. (15) are 
compressive. If on substituting in these equa¬ 
tions the sign is reversed, the resulting stresses 
are tensile. 

A graphical solution for internal stresses is 
shown in Fig. 224. This solution requires the 
construction of the force and equilibrium polygons. 

Fig. 224 shows these polygons in part for certain 
assumed loads and reactions. Since the string R 
of the equilibrium polygon is the resultant of all 
fasces on either side of the section, we have 

M ^ Rd (16) 

where d is the perpendicular distance from R to 
the center of gravity of the section under con¬ 
sideration. This moment can also be expressed in other terms. If e of Fig. (a) represent the 
distance from the center of gravity of the section to the intersection of the plane of the section 
produced and the line of action of R, and if Rr = component of R parallel to a tangent to the 
arch axis at the section in question, then 

M ^Rre (17) 

Again, if Rs •* horizontal component of R, and y vertical distance from center of gravity of 
section to line of action of R, as shown in Fig. (a), then 

M ^Rm/ (iS) 

Tile values of Rt and Ru are readily determined from tie force polygon of Fig. (b) by resolving 
R into the required componentSh* Values of T and V ase obtained from the force polygon by 
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resolvinginto components parallel and perpendicular to the tangent to the at'ch axis at the 
section in question, as shown in Fig, (6). 

Fiber stresses can be determined by the use of eqs. (15), substituting values of M and T 
as determined above. These equations can be modified some what and the fiber stresses can 
he determined from the values of T and e of Fig. (a). From eq. (17) and Fig. (o>, Hr ■» T, 
and hence, Af » Te» Substituting this value of M in eq. (15) and also noting that I » Ar*, 
where A » area of the section, r « its radius of gyration, these equations can be written in the 
form 



In some cases the desired results are obtained more directly by the use of eq. (19) than by the 
use of eq. (15). 

The graphical methods of calculation given above are general and apply to all types of 
arches. However, the distances d, c, and y showm in Fig. 224 (a) are often so small that they 
can not be determined with the desired degree of precision. Under such conditions, the mo¬ 
ments should be calculated by algebraic methods, using eqs. (12). 

Methods of stress calculation similar to those outlined above can also be applied to the 
braced arch. Fig. 224 (c) shows a section cut through any panel of a braced arch. To deter¬ 
mine the stress Si in a chord member, take moments about point A, the intersection of the other 
members cut by the section. Since R is the resultant of all external forces to the left of the 
section, we have 

Si *= Ra/b 

where a and 6, respectiveb^ are the level arms of R and Su a.s scaled from the drawing. The 
stress in St can be obtained from a similar equation about B, If members Si and St intersect 
within the limits of the drawing, the stress in St can be determined by moments taken about 
the intersection point. If they do not intersect within the limits of the drawing, a resolution 
equation can be taken for an axis perpendicular to one of the chord members. 

171. Loading Conditions for Ardi Trusses.—The loads to be carried by an arch roof truss 
can be determined from the data given in the chapter on Roof Trusses—General Design by 
methods similar to those used in tlie preceding chapters on the design of wooden and steel roof 
trusses. In most cases the slope of the roof surface is not uniform, as in the cases considered 
in the preceding chapters, for it is made to conform to the contour of the top chord of the arch. 
As the wind and snow loads depend for their value on the roof slope, the wind and snow panel 
loads for arch trusses will vary with the location of the panel point. An application of the 
methods of calculation is given in the problem of Art. 172. 

Formulas for the weight of arch trusses which will apply to all types of arch structures are 
not available, as structures of this type var>’ so widely in form and in class of service that sufii- 
cient consistent and reliable information has never been collected on which to base a formula. 
In general, the designer must draw conclusions regarding the probable weight of the arch to be 
designed, either from existing structures of the same sise, or from his judgment based on passed 
experience. After a design has been made, based on an assumed dead weight, the true weight 
ol the structure should be calculated and the assumed weight revised, if found necessary. 
From an examination of the weights of existii^ arches, it was found that the weight per square 
foot of covered area may be aiQrwhere from 10 to 25 lb., depending upon the span length, 
spacing of trusses, and the specified loading conditions. 

Maximum stresses in the members of arch trusses are to be determined for loading condi* 
tions similar to those used for simple roof trusses. In general the following loading conditions 
are used: (a) dead load, (5) snow load on left side of roof, (c) snow load on right side of wsi^id) 
snow load on whole roof, (e) wind load on left ride of roof, and (f} wind load on right ride of 
roof. 

In combining fhe stresses due to these loads in order to obtain maximuni stresses, most 
derignet# assume/that snow and wind ba^ do not act on the roof at the same time* Otberg 
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assume conditions similar to those used in the preceding chapters. This is a matter on which 
the designer must use his judgment. In making up the maximum stresses in the members^ 
the dead load stresses should be combined with the snow or wind load stress which will produce 
greatest tension and greatest compression in the members. It must be rememberedi in this 
connection, that the wind 
and snow load stresses 
may be of the same 
character as the dead 
load stresses, or they 
may differ in character. 

In the latter case, if they 
exceed the dead load 
stresses, a reversal of 
stress will occur. This 
information must be at 
hand before a correct 
design of members can 
be made. 

172. Determination 
of Stresses in a Typical 
Three<-Hinged Arch 
Truss.—The methods of 
stress calculation out¬ 
lined in Art. 170d will 
now be applied to a 
typical three-hinged arch 
of the dimensions shown 
in Fig. 225. This arch 
has a span of 125 ft., c. to 
c. of end pins, and a rise 
of 41?^ ft. The typo of 
framing adopted divides 
the truss into panels of 
7.5 ft., as shown in Fig. 

225. Purlins will be 
placed at alternate panel 
points. The distance 
between trusses will be 
taken as 30 ft. It will 

be assumed that the sides Fio. 226 —Truss diagram—tj pical three-hinged arch 

of the building consist of 

self-supporting masonry walls. No part of the weight of the walls will be assumed as carried 
by the trusses. It will be assumed, however, that the roof load at point D of Fig. 225 is carried 
by the trusses. 

DMd Load SKresses.—The dead load stresses are to be determined for the weight of the roof covering and the 
weight of the truaaee. It will be assumed that the roof covering consists of tile or slate laid on 2-in. plank, which 
are supported by rafters. These rafters will be assumed to be placed parallel to the trusses, and will be assumed to 
be supported by puriiiui of the type described in Art. 174. Design methods for the roofing and the rafters are given 

in thft chapter on Trus s es . Oeneral Design. A roof covering of the assumed type will be found to weigh 

about Ib. par •<}. ft. of roof surface. The weight of the truaees is determined by methods outlined in Art. 171. 
It win be aaeutned, as a for a ineUminary design, that the weight of the trusses and purlins is 10 lb. per sq. ft 

of borisooiei oovered aiea. 

tlie panel loads due to the roof covering and tbs dead weight of the arch will be asaumed to be eonceatra^ 
at the point of attaelmietit of the purlina. As the roof load is given in pounds per aq. ft. of root surf^. and s^e 
tbs foel area ttibutaiy to the purliiia depends upon the slope of the roof, the panel loads due to the 
Vary. Since the dead weight is given in pounds per sq ft of horisonial covered area, the part of the panel load due 
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to the weight of the truiutee will be the aame at all points, for the horisontal spacing of the purlins is taken tm 
ft., as shown in Fig. 225. 

To illustrate the methods used in calculating panel loads from the above data, the dead panel load for point 
F of Fig. 225 will be determined. In calculating the roof area tributary to point F, it will be assumed that points 
St P, and O are joined by straight lines. For the dimensions shown on Fig. 225, E~F ** 16>3 ft., and F’43 15.5 

ft. As stated above, the roofing weighs 20 lb. per sq. ft., and the trusses are spaced 30 ft. apart. The roofing panel 



Fig. 226.—Dead load stress diagram— Fia. 227.—Loading diagrams—snow load stresses, 

stresses in members of left half of arch. 


load at F is then }4 (16 3 + 15.5) X 30 X 20 9540 lb. By similar methods, the roofing panel loads at other 

points are as follows: D, 5550 lb.; F, 10,400 lb.; O, 0180lb.; and //, 6300 lb. Assuming that the trusses and purlins 
weigh 10 lb. per sq. ft of horisontal covered area, as stated above, the dead panel load due to trusses and purlins 
is 10 X 15 X 30 « 4500 lb. At point H, where the horisontal projection is 11.5 ft, the panel load is 3450 lb. As 

the weight of several members is 
probably transferred to joint D, it 
will be assumed that a full panel 
of truss weight is carried at this 
point. Adding the loads due to 
the roofing and the truss dead 
weight, the total panel loads at the 
several joints are as follows; Z), 
10,050 lb.; E, 14,900 lb.; F, 14.040 
lb.; G, 13,680 lb.; and F, 9750 lb. 
These panel loads are shown in 
position on Fig. 225. 

The reactions at the hinges A 
and C due to dead load are calcu^ 
lated by the methods given in Art. 
170a. Since the dead panel loads 
are all vertical, and are symmetri¬ 
cally placed with respect to the 
center hinge, the verticsdl com¬ 
ponent of the reaction at A is evi¬ 
dently equal to the ,sum of the 
panel loads on one side of the 
center of the arch, or, Vi m 
62,420 lb. The horisontal com¬ 
ponent of the reaction at A is equal to the moment about C divided by the rise of the arch. For the loads and 
dimensions shown in Fig. 225, 

62,420 X 62.5 ~ 9750 X 4 - 13,680 X 19 - 14,040 X 34 - 14,900 X 49 - 10,050 X 64 

41.67 



Fig. 228.—Snow load stress diagram. 


Ht 


42.000 lb. 


Since all of the loads are vertical the reaction at hinge C is horisontal and equal to Jfit. 

In the ease under consideration, algebraic methods are readily applied to the determination of the reactiGns 
as all of the lever arms can be obtained from Fig. 225 without further calculation, except simple addition. While 
graphical methods can be applied to this case, little is to be gained thereby. The algebraic method of calculation 
is therefore recommended. 

The stcessea in the members of the arch due to the applied loads shown on Fig. 225 and the reactions calculated 
id>ove am seadilr determined by the graphical ma|hod8 of stress analysis given in 8ect< I* Fig. 226 shows ths 
strsai diairam as dnnvn for the left tide of the areh,^ 
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In coi^cuv •*«» of the kind ehown in Fig.. 226 to 229, greet eaie ina.t be u«d in drawing the 

dingran-. for. to c^t. Ui. mu,t ciiwe. That ia. .uppoae that the diagram i. begun at pehTd 4 

Fig. m and oam^ toward to potat C. If the diagram i. m,ourately drawn, the re.ultant of the ^e»e. In 
memben g-22 and (-22 at joint C will be equal to S,, the hinge reaction at C. In Fig. 226, exact doeure <d the 
atreae diagram la obtained when the horiaontal componente of 1-22 and g-22 are equal to l-g, and when point 22 te 
direcUy over point 21. The effect of cumulative errors on the closure of the diagram can be reduced by starting 
the diagram at point A and carrying it about half way across the frame work. Another start can then be made at 
point C, and closure made on the part of the diagram already drawn. It will usually be found that closing errors 
can be reduced by this method. 

Accurate construction of stress diagrams is greatly facilitated if the truss diagram, shown by Fig. 226. is drawn 
to a large scale. This results in long lines, from which the slope of the members can readily be obtained. If a small 
sise truss diagram is used, the lines are so short that an accurate determination of the true slopes is impossible. 
The stress diagrams should be drawn to a scale which will result in lines which can be drawn with triangles not ex¬ 
ceeding about the l2-in. size. This avoids inaccuracies resulting from lines drawn by several shifts of the triangle. 
Also, the stress diagram should be located as close to the truss dia¬ 
gram as possible, in order to avoid transferring lines for a long dis- 
tance, which is certain to result in inaccurate work. 

It is best to make frequent checks on the graphical work by 
means of stresses calculated by the algebraic method explained in 
Art. 170a. Stresses in chord members are readily calculated by 

the method shown in Pig. 224(c), and form a convenient check. If / \.\^ 

the graphical and algebraic methods do not check, it is well to revise ^ 

the graphical work before proceeding with the construction of the ^ \\ 

Snow Load Sireasea. —Stresses due to snow load are to be de- ^ __ 

termined for three conditions of loading, as stated in Art 171. ^ 

These conditions are (a) snow load on left side of roof, (b) snow 
load on right side of roof, and (c) snow load on whole roof 

The panel loads due to snow are to be determined from the ^ 

data given in Table 8, p. 467. Since the roof alope varica, the unit f ,o 229.—Wind load atresa diagram, 
snow load will depend upon the location of the panel point. Several 

different assumptions can be made regarding the variation in tiie snow load. For the case under consideration, 
it will be assumed that the outside roof surface is an arc of a circle, and that the unit snow load for the area 
tributary to any panel point is equal to the load for a plane tangent to the roof surface at the panel point. 

Thus at point F of Fig. 225, a plane tangent to the roof surface makes an angle of about 18 deg. 30 min. with 
the horizontal. It can be shown that this angle corresponds closely to a pitch of >^, as defined in the chapter on 
Roof Trusses—General Design. From the table of snow loads referred to above, the snow load per sq. ft. of roof 
surface for a tile roof of K pitch located in the Central States is 30 lb. By methods similar to those used above for 
the dead panel load due to roofing, it will be found that the snow panel load for point F is H + 15 5) X 30 
X 30 -* 14,300 lb. Panel loads at other points are as follows: D » 0 (slope 45 deg , unit snow load » 0); F ■« 
5740 lb. (slope 30 deg , unit snow load » 11 lb.); (7 « 13,800 lb. (slope practically flat, unit snow load »» 30 lb.); 
H 10,350 lb. (slope - flat, unit snow load — 30 Ib.). 

In tabulating the stresses in a symmetrical three-hinged arch, it is usual to make a table containing the mem¬ 
bers of the left half of the arch. Table 1, in which the stresses for the arch of Fig 225 are tabulated, contains the 
members of the left half of the arch. All stresses required in Table 1 for the three snow loading conditions can be 
determined from stress diagrams drawn for all members of the arch due to snow loads on one arm of the arch, no 
load on the other arm, as shown in Fig. 227(a). 

The reactions at the points of support and at the crown hinge due to the loading shown on Fig. 227(a) can be 
determined by the methods given in Art. 170a. These reactions are as follows, using the notation shown on 
Fig. 227: Vi - 30,600 lb.; Hi - 20,400 lb.; Fs - 13,590 lb.; ^ 20,400 lb.; Vt » 13,590 lb.; and Ht 20,400 
lb. All forces act as shown in Fig. 227. A graphical solution of the reactions can be made by the method shown 
in Fig. 221. 

The stresses in the members of the left half of the arch for case (a), loads on the left half of the arch, are given 


by a stress diagram drawn for the loading conditions of Fig. 227(5). This stress diagram is shown in Fig. 228(a). 
The stresses scaled from this diagram are recorded in col. 2 of Table 1. Stresses in the members of the left half of 
the arch for case (6), loads on the right half of the arch, are given by the stress diagram of Fig. 228(5), which is 
drawn for the loading conditions shown in Fig. 227(c). It will be noted that the loading conditions shown in 
Fig. (c) are opposite hand of those for the right-hand half of the arch, loads on the left half, as shown in Fig. (a). 
Stresses scaled from the stress diagram of Fig. 228(5) are recorded in col. 3 of Table 1. The stresses for members 
of the left half of the arch for case (c), loads on the whole arch, can be obtained by adding the stresses given in 
Figs. 228(a) and (5) for the member in question. These stresses are recorded in col. 4 of Table 1. 

Yftnd Load Sfrsssss.—As in the case of the wooden and steel simple roof trusses designed in the preceding 
chaptevst it will be that tne working stresses for wind loads are 50% larger than those for dead and snow 

loads. Assuming, as before, that the working wind load is 30 lb. per sq. ft., and that ^e working stress for wind 
loading is 24,000 lb. per sq. in., the working wind load to be used for a 16,000 lb. unit stress is 20 lb. per sq. ft. 
Wind panel loads will therefore be determined for a unit wind pressure of 20 lb. per sq. ft. 

In detsrnuiiiiig the normal wind pressure to be used at the several panel points, the same assumptions will be 
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made aa for snow panel loads. Thus at point F where the slope of the tangent to the roof surface corresponds to a, 
H pitch, the normal wind preesure, as given by Table 7, p. 467, is 13.9 lb. per eq. ft. of roof surface. The resulting 
panel load is H(19.8 + 16.5) X 30 X 13.0 ■> 6000 lb., acting normal to the roof. By methods similar to those 
used for the snow panels loads, it will be found that the wmd panel loads at the other points are as follows: X> •• 
5260 lb. (slope « 45 deg, unit wind load » 18.9 lb.); B « 8350 lb. (slope <« 30 deg., unit wind load 16 lb.); 
G 2800 lb. (slope about 9 deg., unit wind load 6.1 lb.); and H O (slope flat). These loads are shown in 
position on Fig. 225. Since the side walls are assumed to be self-supporting, it will be assumed that the wind loads 
in these walls are carried directly to the foundations without causing any stress in the members of the arch trusses 
If the construction is such that the arch carries the horisontal wind load, the wind panel loads can be calculated by 
methods similar to those used in the chapter on the Detailed Design of a Trufw with Knee-braces. 

The reactions due to wind loads will be determined by graphical methods, for the work required by a graphical 
solution will be found to be considerably less than that required by an algebraic solution. Using the method 
given in Fig. 221 of Art 1700, the final equilibrium polygon is shown^in position in Fig. 225. The resulting re¬ 
actions are shown to scale on the force polygon of Fig 229. 


Table 1.—Stresses iv a THREE-HiitGED Arch Roof Truss 
(Mr- 225) 


Member 

Dead load 

(1) 

I 

1 Snow loud 

I Left aide 
loaded 

1 (2) 

Snow-load 
Right side 
loaded 
(3) 

1 

, Snow load 
Both Bides 
1 loaded 

(4) 

Wind load 
Left side 
Irtaded 
(.y) 

i 

1 Wind load 
Right side 
' loaded 

(6) 

Maximum 

tension 

(7) 

Maximum 

com¬ 

pression 

1 (8) 

1 


1 h>i 

1 

, + 4,.500 

1 

+2,250 

i 

1 +12,250 

+ 14,500 

1 -10,000 

4 4,930 

1 19,000 

, 5,500 


1 6-2 

4- 4,000 

J +1,900 

1 +10,500 

+ 12,400 

-8,600 

, + 4,220 

1. 

1 16,400 

, 4,600 


' 6-4 

1 +45,900 

+ 22,300 

+32,100 

1.54,400 

-11,900 

I 

j +12,900 

j 100,300 



6-6 

+32,000 

+ 15,600 

+28,600 

j +44,200 

-14,900 

1 +11„500 

76,200 


■ 


+29,600 

1 +10,800 

+ 20,200 

j +31,000 

-10,300 

1 + 8,200 

60,600 


B 


+26,200 

+4,200 

+ 29,500 

1 +33,700 

1 -19,200 

+ 11,850 

59,900 


c 

a 

0 

d-ll 

+ 23,500 

- 4,500 

+.34,500 

1 +30,000 

1 

1 -25,900 

4 13,900 

1 

1 53,500 

2,400 


d-13 

+ 11,200 

-18,900 

+36,000 

+ 17,100 

-28,200 

+ 14,500 

47,200 

17,000 


e-15 

+ 5,000 

-23,100 

+ 33,100 

4 10,000 

-26,400 

+ 13,300 

38,100 

21,400 


e-17 

- 8,500 

) -30,100 

+25,600 

1 - 4,500 

j -22,100 

+ 10,300 

1 17,100 

38,600 


/~19 

~ 11,800 

-23,100 

+ 14,000 

- 9,100 

j -15,000 

+ 6,630 

j 2,200 

34,900 


/-21 

- 21,200 

-18,200 

- 900 

-19,100 

- 7,750 

- 300 

j 40,300 


g-22 

- 26,000 

-23,800 

- 1,500 

-25,300 

j - 9,700 

-600 

1 


51,300 



- 77,000 

-37,900 

-28,000 

1 -66,900 

- 6,500 

-11,300 


142,900 


1-3 

-108,900 

-53,600 

-46,000 

1 

j -99,600 

1 - 2,360 

j -18,600 j 

. ) 208,500 


f-5 

-106,000 

1 -52,000 

-47,600 

-99,600 

+ 900 

1 -19,200 


205,690 


6-8 I 

- 62,500 

-41,000 

-51,500 

-92,500 1 

1 

+ 9,100 j 

1 -20,700 

L.1 


185,000 


6-10 i 

- 76,500 

-29,700 

-56.:«)0 

-85,900 1 


-22,600 


105,400 

I 

t~n [ 

- 71*800 

“IS,TOO 

-58,800 j 

-T7,SOO 1 

+ 18,800 

-23^600 


148,800 

B 

- ff"—r 

-66,700 

- 2,MO 

-58,000 1 

-60,000 j 

+82,000 

-28,«0 


tlT',000 
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1-16 

(1) 

- 48,800 

<2) 

+ 2,000 

(3) 

-64,300 

(4) 

-62,300 

(6) 1 
+ 18,300 1 

(6) 

-21,800 

(7) 

(«)' 

103,100 


M8 

-34,000 

+ 9,300 

-46,200 

-36,900 

+ 14,100 j 

-18,600 

’ 

80.200 


1-20 

-30,300 

HQI 

-34,300 

-31,700 1 

+ 6,650 

-13,800 


62,000 


1-22 

-26,000 

- 2,200 

-24,000 

-26,200 1 

- 600 1 

- 9,660 1 

1 i 

62,200 

JS 

1-2 

- 2,600 

- 1,100 

- 6,200 

- 7.300 1 

+ 5,160 

- 2,600 

2,650 1 

9,800 


I - 27,200 I -13,300 I -14,200 -27,500 


+ 6,000 ‘ 4- 3,100 I -+1.600 I -h 4,700 


-f 2,200 I - 6,700 


f 1,420 I f 850 I 11,300 


7-8 

- 4,600 1 

- 8,200 

+10,300 

\ .,100 j 

-10,300 

+ 

4,150 

5,800 1 14,800 

9- 10 

1 - 19,600 1 

-16,300 1 

4 3,800 

-11,300 

-10,700 

+ 

1..50() 1 

1 34,900 


1 11-12 

- 

13,000 ' 

-13,800 

- 600 

-13,200 

- 800 

- 240 1 


26,800 

13 14 

- 

20,000 

-16.800 

- 4,900 

-21,700 

- 700 

- 1,970 1 

1 

41,700 

15 16 


12,000 

- 4,600 

- 8,200 

12,800 

+ 3.180 

- 3,100 1 

I 


24,800 

1 17-18 

- 

16,000 

- 6,700 

-11,200 

-16,900 

! 4 5,050 

- 4 500 

1 

32,900 

19-20 

- 

5.900 

+ 6,900 

11,100 j 

- 7,200 

+ (>,850 1 

- 5,260 1 

950 ! 

1 

19,000 

21 22 

+ 

6,600 

4- 6,200 1 

+ 1,000 

+ 6,2<K) 

+ (>,200 

+ 400 1 

12,700 } 



3,900 4-10,400 I 100,300 


4“ 1,600 4“ 9.100 1 - 7,000 j 4- 2,100 4- 3,300 


! 12 13 1 -f- 12,500 I 4-16,000 


' + 6,500 f 1.400 

+ 6,900 - 3.150 j + 670 1 13,100 1 

, + 8.500 , + 7,800 

+ 16,300 1 - 4,500 + 3,140 i 32,300 j 


* 18-19 

+ 

4,100 

- 8,000 1 

[ +13,500 

1 20-21 

+ 

11,800 t 

- 6,000 

+ 18,000 



-4-20,400 + 20,400 + 40,800 | - 1,860 + 6,460 


+ 13,690 ' -13,590 | 0 ' + 6,460 j + 8,250 


Ht + 42,000 I +20,400 | 4 20,400 + 40,800 + 8,260 - 5,460 | 


I R% 42,000 24,600 1 24,500 40,800 9,860 j 0,860 1 

I_^^---'■-:-i-' 

Bkmt Notation}— + • tetimon - - comprea«ion 

R»4«tio» PoBitive wsection* act as shown in Fi* 227 (6) 

Am Mu!Ld in Art. 171* irtnd stresMa ar© to b« detenmned (or wind load on either half of the arch. The sUess 
dkltmin of Fif, 229 la drawn for stiwesea in the members of the left half of the arch due to l^ds on the l^t si^ of 
tisa erawit hinge. These stresses are recorded in col, 6 of Table 1. Stresses in the members of the left alf of 
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the arch due to wind loads on the right side of the crown hinge can be determined by ratio from the snow load 
stresses for the corresponding condition of loading. This short cut is possible because for loads on the right side 
of the arohr stresses in members of the left half of the arch are due to the action of the right half against the 
left half. As shown in Figs. 221 and 227 (o), this action can be represented by a force acting on a line connecting 
the crown and abutment hinges. Therefore the wind stresses required for col. 6 of Table 1 can be obtained by 
multiplying the stresses given in col. 3 by the ratio of the reactions at the supporting hinges for the two oases. 
From Fig. 228 (6), the reaction at A for snow load on the right half of the arch is 24,500 Ib. The reaction at 
A for wind loads on the right half of the arch is the same as that given in Fig. 229 for the right-hand support, 
whicn is found to be 0850 lb. Hence, if the stresses in col. 3 are multiplied by 9850/24,500 0.402, the resulting 

stresses will be the values required for members of the left half of the arch due to wind loads on the right half. 
These stresses are shown in col. 6 of Table 1. 

Mcunmum Streaaea in Memhtra. The maximum stresses in the members of the arch under consideration will be 
calculated on the assumption that wind and snow loads do not act at the same time. Table 1 gives the possible 
combinations of the dead load stresses and the snow or wind stresses which will result in the greatest tension and 
compression in the several members. 

173. Design of Members and Joints for a Typical Three-hinged Arch.—The principles 
governing the selection of the form of members for arch trusses, and the design 
of these members are the same as for the trusses designed in the preceding chapters. These 
principles are given in the chapter on lloof Trusses—General Design. The apphcation of these 
principles to the design of arch trusses will be illustrated by a partial design of members 
and joint details for the three-hinged arch for which the stresses have been calculated in 
Art. 172. 

The form of the members of an arch truss will depend on the amount of stress to be carried. For the truss 
under consideration in Art. 172, it will be found from a study of the stresses given in Table 1, that the stresses 
in an members, except a few of the lower chord members, can be provided for by sections composed of two angles. 

The bottom chord mem¬ 
bers in which large stresses 
exist can be made of angles 
and plates. Truss mem¬ 
bers for large arches, in 
which very heavy stresses 
exist, can be made of the 
same form as those used 
in bridge truss work. The 
trusses for the drill hall of 
the University of Illinois, 
described in Engr. News 
for Deo. 11, 1913, are 
composed of I and H 
beams. The Engr. Bee, 
for Oct. 7, 1916 contains a 
description of an arched 
roof truss whose members 
are composed of angles and 
plates. 

By methods similar to 
those used in the designs 
of the preceding chapters, 
it will be found that the 
I members listed as top 
chord members in Table 1 
of Art. 172 can be made 
of two 6 X 6 X H-in* 
angles, separated by a H* 
in. space for gusset plates. 
This section furnishes en- 

eess area for some of the members, but since it meets the requirements of most members, it will be adopted 
throughout The bottom chord members are subjected to somewhat greater variations in stress than the top 
chord members. Adequate provision for all stresses will be provided by the following sections: members M9 to 
/-14, two 6 X 0 X M-in- angles; members f-12 to f-lO, two 6 X 6 X angles; and members to M, two 6 X 
6 X angles and a 14 X H^in. plate. All web members, except a few near the end of the arch, q|n be made 
of two SH X 3 X ^-in. angles. For the other web members, two 5 X 3H X H'ln. angles will answer. Figs. 
230 and 232 show the general arrangement of members. 

Joint lor ^ thrse-hinged arch under consideration in this chapter are designed by the metho4s out- 
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lined in the chapter on Roof Trueeea—General Design. With the exception of the hinged joints at A and C* the 
application of these principles is exactly the same as for the simple trusses designed in the preceding chapters. 

Fig. 230 shows the adopted details for the hinge joint at A and a portion of the lower end of the arch truss. 
As shown on Fig. 230, the members at the lower end of the truss are connected to a large gusset plate which includes 
several joints and members. This is necessary because the members are short and the stresses are large, thus 
requiring large joint details. A single plate greatly strengthens the end detail and makes possible a very compact 
joint. 

It will be assumed that the rivets used in the design under consideration are in diameter, and that the 

allowable bearing and shearing values are 24,000 and 12,000 lb. per sq. in. respectively. From Fig. 230 it can be 
seen that the rivets connecting the members to the plates are in bearing on a M-in. plate. For the allowable values 
given above, the rivet value is 10,500 lb. All of the end details shown in Fig. 230 provide sufficient rivets to con¬ 
nect the members to the gusset plates. It will be noted that lug angles are used on member D-F. These lugs are 
used in order to reduce the size of the end connection, and also to provide a connection between both legs of the 
angles and the gusset plate. This is advisable where the stresses in the members are large The design of lug angle 
details is considered in the chapter on Splices and Connections—Steel Members in Sect. 2, 

The top and bottom chord members are usually spliced at frequent intervals in trusses with curved chords. 
When the chord section consists of two angles, an effective splice is furnished by a detail similar to that used at joint 
g of the steel roof truss designed in the chapter on tne Detailed Design of a Steel Roof Truss. By using this detail, 
the stress in the horizontal legs of the angles is transferred across 
the splice by means of the splice plate, leaving only the stress in 
the vertical legs of the angles to be transferred to the gusset plate, 
thus securing compact joint details. A similar detail can be used 
where the chord section consists of angles and plates. If the joints 
are milled so that a bearing fit is assured, only enough rivets need 
be provided to hold the members in contact. Figs. 230 and 232 
show the details adopted for the design under consideration. 

The design methods to be used for the shoe and the pin at joint 
A depend upon the assumptions made regarding the action of the 
supporting forces at the abutments. If it be assumed that the 
horizontal component of the reaction is taken by a tie rod, the shoe 
and the supporting foundation can be designed for vertical forces 
only. Fig. 230 shows a shoe designed on this assumption. If it be 
assumed that the foundations can resist vertical and horizontal 
forces, the shoe must be placed at an angle to the vertical, as shown 
in Fig. 231. Designs based on these two assumptions will be con¬ 
sidered in detail. 

Consider first the tie rod design shown in Fig. 230. In this 
design it is assumed that the horizontal and vertical components of 
the reaction are taken respectively by the tie rod and the shoe. 

Table 1 of Art. 172 shows that these reactions are a maximum for dead load and snow’ load on both arms of the 
arch. The horizontal component of the reaction is found to be 42,000 + 40,800 82,800 lb., and the vertical 

component is found to be 62,420 •+• 44,190 •* 106,610 lb. 

Assuming that the working stress in the tie rod is 16,000 lb. per sq. in., the area required is 82,800/16,000 
5.27 sq in. Two 4 X ^^-in. eye-bars furnish 6.0 sq. in. If the allowable bearing on a concrete foundation is taken 
as 400 lb. per sq. in., the area of the base of the shoo must be 106,610/400 266 sq. in. The shoe shown in Fig. 

230 provides a base area of 15 X 20 -> 300 sq. in. 

Design methods for the pin connecting the shoe, tie rod, and truss are given in the chapter on Splices and 
Connections—Steel Members. The size of the pin is determined subject to the following conditions; the bearing 
areas between the meinbers and the pin must be sufficient to keep the bearing pressures within the allowable limits, 
which will be taken as 24,000 lb. per sq. in., and, the extreme fiber stress due to bending, considering the pin as a 
simple beam, must be within the allowable limits, which will be taken as 25,000 lb. per sq. in. 

The design of the pin is carried out by assuming the size of pin. Having given the maximum load to be carried 
by the pin, the bearing areas required for the several parts are determined. If the parts butting on the pin do not 
furnish the required area, they must be increased by the addition of pin plates until the proper area is provided. 
Assuming the centers of pressure to be located at the centers of the bearing areas, the bending moments due to 
the applied loads are calculated and compared with the resisting moment provided by the assumed pin. If the 
assumed pin is found to be inadequate, the calculations must be revised. 

For the case under consideration, a 4^-in. pin will be assumed. Fig. 230 shows the adopted arrangement of 
the joint details. The load brought by the pin to the shoe is equal to the vertical component of the reaction, which 
is 106,610 lb. At 24,000 lb. per sq. in., the width of bearing required on the webs of the shoe is 106,610/4X 24,- 
000 X 2 M 0.618 in. for each web. Assuming that a cast-steel shoe is used, the webs will be made 1 in. thick, as 
the use of thinner material is not advisable. 

The load brought by the arch to the pin is equal to the resultant of the horizontal and vertical components of 
the reaction, which is due to dead load and snow load on both arms of the arch. For the components 

idven above, this load is (82i§00’ + 106,610*)^ •" 135,000 lb. The width of bearing required at the lower end of 
the arch truss is 135,000/4)^ X 24,000 ■■ 1.32 in. Since the main gusset plate at joint A is ft in. thick, the width 
of bearing must be increased by the addition of pin plates. Fig. 230(a) shows the adopted detail. The main angles 
37 
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are epread eoioewliat, and the space between the angles is filled by means of ^^-in. plates placed on both sides 
frf the gusset plate. To stiffen the plates, and also to tie the main angles together, a 6 X 4 X angle is riveted 
on each side of the plates. The total thickness of bearing provided by this detail is 2H which is in excess of 
that required, but as a rigid detail is desired, it is not advisable to use a smaller number of plates. 

The bending moment on the pin can be determined by calculating the moments due to the vertical and hori- 
sontal forces, and finding their resultant. Pig. 230(c) shows the components of forces and the lever arms. These 
lever arms are determined for the packing shown in Fig 230(6). A clear space of in. is provided between the 
several members. From Fig. (c), the verticol component of moment is 53,305 X 3.0 ■■ 166,500 in.-lb., and the 
horuw^ component of moment is 41,400 X 1.125 » 46,600 in.-lb. The resultant moment is then (166,500* 
+ 46]65 o*) “■ 173,000 in.-lb. Prom the tables of bending moments on pins, it will be found that the safe moment 

on a 4 jS' 4 -in. pin for an allowable fiber 
stress of 25,000 lb. per sq. in. is 188,410 
m.-lb. The assumed pin will be adopts d. 

The pin plates which were added to 
the gusset plate at point A, in order to 
increase the width of bearing on the pin, 
must be fastened to the gusset plate so 
that all plates will act as a unit. Assum¬ 
ing that the load carried by each plate is 
proportional to its ttickness, the load 
carried by each ^-in. angle is 135,000 X 
0.375/2.5 - 20,600 lb., and the load car¬ 
ried by each ^|-in. filler plate is 135,000 
X 0.625/2.5 33,800 lb. As shown in 

Fig. 230(a), the rivets connecting the 6 
X 4 X ^^“in. angles to the plates are in double shear, when both angles are assumed to act together. For the 
allowable shearing value given above, the double shear value of a rivet is 14,400 lb. Assuming that the two 
angles act together, the total load to be carried is 2 X 20,600 ■> 41,200 lb., and the number of rivets required is 
41,200/14,400 oBB 3 rivets. The detail of Fig. 230(a) shows three rivets close to the pin and four others at the ends 
of the angles. Assuming that the M-in. filler plates and the angles on each side of the gusset plate act together, 
the total load to be carried is 2(33,800 + 20,600) 108,800 lb. As shown in Fig. 230(a), the connecting rivets 

are in bearing on the gusset plate, and hence the number of rivets required is 108,800/10,500 11 rivets. 

Fig. 230(a) shows 14 rivets in place in the filler plates and the angles 

Fig. 231 shows the details of a shoe designed to carry the vertical and horisontal components of the reactions 
The slope of the base of the shoe is determined by the condition that it should be perpendicular to the resultant of 
I the maximum reactions Fig. 231(6) 
shows the amount and direction of the 
resultant reactions due to all possible 
combinations of dead and snow or 
wind load reactions. These result¬ 
ants were plotted from the values 
given in Table 1. It will be noted 
from Fig. ( 6 ) that the reactions he 
close together, and that a plane x-y at 
a slope of 8 in. in 12 in. is normal 
to the average direction of these re¬ 
sultants. 

The base area required on the 
line 0-6 must be sufficient to provide 
for the maximum reaction of 135,000 
lb. which occurs for dead load and 
snow load on both sides of the arch. 

It is usual to provide a short hori¬ 
sontal base area, shown by arc of Fig. 

231(6). All details are as shown on Fig. 231. The design methods are similar to those used for Fig. 230. 

Fig. 232 shows the details of the pin joint at the crown hinge, and a portion of the truss. The design methods 
for the pin and the pin plates, and for the end connections of the members, are the same as for the detail of Fig. 230. 

174* Bracing for Arch Trusses.—^The g^eral plan of the bracing for an arch truss is quite 
imilar to the one designed in the chapter on the Detailed Design of a Truss With 
Braces. Sinoe the trusses are large and must be rigidly braced, lateral systems are genendly 
placed between every other pair of trusses. In the plane of the vertical side walls, brach^ is 
placed in every bay. A very good idea of the form and arrangement of the required bracing 
can be obtained from the description of the University of Illinois drill hall, which is giyeii iti 
the Mngr. Nmfm lor Dec. II, 1913, and from the description of the l^ritigS^ Cpliieiim gltea 
hi inf/r, ttee. for Oet. 7,1916, to which ths reader kr refomd. 
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The trussed purlins which connect the trusses at alternate panel points^ form part of the 
bracing as well as acting as purlins. Fig. 283 shows the details of these purlins, which are 
connected to the vertical truss members at the points shown in Fig. 225. The purlins are de¬ 
signed to carry the roof load and the maximum snow or wind loads. Fig. 233 shows the adopted 
sections. The lower chord members of the end panels are sloped so that the lower chord member 
of the purlin is connected to the vertical members of the arch near the foot of these members. 

ORNAMENTAL ROOF TRUSSES 

Bv W. S. Kinnk 

175. Architectural Timber Work^—Architectural timber work is an important element of 
interior design, especially in churches. Tlic roof structure is frequently of wood, using the 
iiammer beam truss where the roof is high. In buildings with low pitched roofs the braced 
arch is most common. Tliis form of construction brings some thrust upon the walls, which 


I 



Pro. 234.—Hammer beam with soiasora truss above. Fia. 235.—Hammer beam with A-truss. 

must be counteracted by buttresses or extra heavy masonry. The roof design concerns not 
only the trusses, but the purlins, rafters and sheathing as well, all of which may be decorated to 
a greater or less degree. Structural considerations must be modified and supplemented to meet 
architectural requirements. Members of no structural value may be introduced; stresses must 
be provided for without too great insistence on economy of materials. As a general rule, 
horisontal and vertical members are satisfactory, together with arched members. Large diago¬ 
nal members are usually disappointing in perspective. The timbering is sometimes covered 
with ^^boxing” of more expensive wood, but the effect is usually poor as compared with actual 
beams. Laminated beams are frequently used. The laminatons may be masked by mould¬ 
ings and decorative elements. The advantage lies in the good connections and mailed join- 
ings secured. Steel rods should not be exposed. A few examples of ornamental trusses are 
shown. 

1 Thif ooatnbuti^ by Arthur Peabody, State Architect, Madieoti, 
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Figs. 234 and 236 show hammer beam trusses of the usual form. In the first a scissors truss 
7S used over the hammer beam. In the second a rafter and tie beam are used. Fig. 236 shows 



FX0..236.—Laminated truss. 




Fia. SSS.-^Braced aroh and rafter. 



Fio. 239.—King post truss and bracket. 
(Bodlean Library.) 



an approximation to the hammer beam trussi but depends for its strengh partly on the rigidity 
of the mjsmbe^. This truss should be built of seasoned lumber and should be gone over and 
tile boItttighi|sned up after being in service lor about a year. 
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Fig. 236 and 237 show high pitched roofs supported by a timber arch. The arched members 


add something to the rigidity of the structure 
and a great deal to appearance. Fig. 239 shows 
a low pitched roof supported by a king post 
truss with a timber arch below. The construc¬ 
tion of this truss will be entirely masked by the 
decoration. Figs. 237, 238 and 239 are from 
buildings near Oxford, England. 

Fig. 240 is a modification of the low 
pitched truss type, formed of doubled timbers 
and a few false members. This truss should 
be supported on quite rigid posts built into the 
wall. The action of the post and bracket is 
that of a cantilever, to which the upper chord 
is fastened. 

Fig. 241 shows a scissors truss. This 
form of support is less meritorious architectur¬ 
ally and structurally, but is much used on 
cheap work. Its principal merit is the arched 
effect of the slanting members. 

The span of all the above trusses is taken, 
for convenience, at 28 ft. Spans of much 
greater width may require an attic space with 
concealed trusses. In this event the interior 
will show the ceiling only, which will be sup¬ 
ported from above. 



Fig. 241.—Sciesors truss. 


176. Analysis of Stresses in a Scissors Tziiss.—The stresses in a truss of the Scissors type, 



Fia. 242. 


shown in Fig. 241 of Art. 175 are readily 
determined by the methods of stress 
analysis given in Sect. 1. Panel loads 
due to dead and wind loads are deter¬ 
mined by the methods used in the pre¬ 
ceding chapters on roof truss design. As 
the roof slope is generally quite steep, 
snow loads need not be considered. 

To illustrate the methods of stress analysis 
for trusses of this type, the stresses in the truss 
of Fig. 242 will be determined for dead and wind 
loads. Panel loads for dead and wind load, de¬ 
termined by the usual methods, are shown in 
position on Fig. 242(a). The dead load stress 
diagram is shown in Fig. (6), and the wind load 
stress diagram is shown in Fig. (c). Table 1 
gives the resulting stresses for dead and wind 
loads, and also the maximum stresses due to 
combined dead and wind loads. 

Roof trusses of the scissors type are 
usually constructed of wood, with the 
exception of the vertical member C-E of 
Fig. 242 (a), for which a steel rod is used. 
Experience has shown that the elastic 
deformation of the members of a scissors 
truss results in a considerable horizontal 
movement of the points of support. To 


reduce the amount of movement, it is the general practice to use excess area in the top and 
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bottom chord members. For the truss of Fig. 242 (a) it will probably be advisable to use 6 
IQ-in. wooden pieces for all members except the middle vertical, which will be made of a 
round steel rod. Typical joint details applicable to the truss under consideration are shown in 
Art. 179. 

The horizontal movement of the points of support of the truss of Fig 242 (a) can be cal¬ 
culated by means of eq (7), p 566. This equation is 

<■' 

where D » deflection of any point; S * stress in any member; A * area of any member; 
I = length of any member; E = modulus of elasticity of the material composing the members; 
and M = a ratio which is equal to the stress in any member due a 1-lb. load applied at the 
point whose deflection is desired and acting m the direction of the desired deflection. 


Tablm 1 — StkkiSSES In A Scissors Truss 
(Fir 242) 


Member 

1 

Dead load 

Wind nght ^ 

W^md left 

Max stress 

iB 

-12,7.50 

-4,000 

-4,000 

-16,750 

BC 

- 8,f»00 

-2,000 

-4,000 

-12,600 

iE 

f 9,b00 

, 1-4.500 

0 1 

1 +14,100 

BE 

- 3,120 

-4,500 

• 0 1 

1 - 7,620 

CE 

+ 8,260 

1 . . 

+2,800 

1 , ' 

+ 2,800 

+ 11,050 

-f -> tension 

- * compression 





Table 2 —Horizontal Deflection op Points or Support 
Calculation of Thrust on Walls 
Scissors Truss 

(Fig 242) 


Member 

Stress 

1 

1 

A 

3 


u 

81 

AE “ 

7 

_L„. 

AE 

8 

-Hu 
(// - 
6,510 lb ) 

S 

10 

AB j -16,750 

1 

102 52 2 

0 000001955 - 0 0328 

' ! ' 

-0 7071+0 0233 I 0 000000977| + 4,610 | -12,140 

BC 

-10,600 

102 52 2 

0 00000195s|-0 0208 

-0 707 

+ 0 0148jo 000000977 

+ 4,610 1 - 5,990 

CD 

-12,600 

102 52 2 

0 0000019S5'-0 0246 

1 

-0 707^+0 0176j0 000000977 

+ 4,610 

- 7,990 

DF 

-16,760 

102 52 2 

t 

0 000001955 

-0 0328 

-0 7071+0 0233 

0 000000977 

+ 4,610 j -12,140 

AE 

+ 14,100 152j52 2 

0 000002905 

+0 0410 

+ 1 58 

+0 0648 

0 00000726 

-10,300 

+ 2,800 

EF 

+ 9.600 jl52 52 2 

0 000002905 

+0 0279 

+ 1 58 

+0 0441 

0 00000725 

-10,300 

- 700 

BE 

- 7,620 

76 

52 2 

0 000001403 

-0 0111 

0 

0 

0 

0 

- 7.620 

DE 

- S,120 

76 

52 2 

0 000001408 

-0 00466 

» 

0 

0 

0 

- 8,190 

Hi 

+ 11,050 

96 

1.77 


+0.0200 

^itii ■ 

+1.00 

_ 1 

+0 0200 


6,610 

+ 4,640 

+0 9078 

0.00009083 


ifH M 
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For the truss under consideration, the deflection of the left end, A of Fig. (a), will be de¬ 
termined with respect to the right end, point F, which will be assumed to stand fast. This 
deflection will be determined for the maximum stresses in all members due to the dead and 
wind load stresses, as given in Table 1. These maximum stresses are recorded in Table 2. 
The lengths and areas of the several members are also given in Table 2. Lengths of 
members are given in inches, and areas are given in square inches. As assumed above, 
the main members are composed of a 6 X lO-in. piece. Assuming that dressed lumber 
is used, the area is calculated as for a X 9K-in. section to conform to the methods used in 
the chapter on Detailed Design of a Wooden Roof Truss. The modulii of elasticity of wood 
and steel arc taken respectively as 1,000,000 and 30,000,000 lb. per sq. in. 

Since the horizontal motion of point A is desired with respect to point F, the values of u 
as defined above, are to be calculated for a 1-lb. load applied at A and acting horizontally. 
It will be assumed that the 1-lb. load acts to the left. A positive sign for the resultant 
deflection will indicate that the direction of the deflection was correctly assumed. If the sign 
is negative, the true deflection is to the right. Values of u w^ere calculated by means of the 
stress diagram of Fig. (d), and the stresses are reccrrded in Table 2. 

SI 

The desired deflection is determined by calculating the value of the term^ u for each mem¬ 


ber, and adding all such terms, paying particular attention to the sign of each result. It is to 
be noted that for stress, plus indicates tension and minus indicates compression. In multi¬ 
plying the several values, like signs result in plus signs, and unlike signs result in minus signs. 
The resulting values are given in Table 2 under the proper heading, and at the foot of the column 
is given the sum of all terms, which is the desired deflection. The result, -f0.2078, indicates 
that point A moves to the left, 0.2078 in. 

SI 

A study of the values of given in Table 2, col. 7, shows that about 80 % of the total de¬ 


flection calculated above is due to the elastic distortion of members A-B and D-F, the lower 
ends of the top chord member, and A-F and F-F, the lower chord member. Since the deflec¬ 
tion contributed by any member is inversely proportional to the area of that member, it follows, 
as stated above, that large members with considerable excess area should be provided for the 
chord members in order to reduce the horizontal movement of the supports. 

By calculations similar to those given in Table 2, the vertical and horizontal components of 
the deflection of all points of the structure have been calculated. The dotted lines of Fig. 242 (e) 
show the distorted position of the truss, and th^ full lines show the undeformed truss. In 
plotting the movement of the several points, a scale was used which shows these movements at 
about 150 times their value to the scale of the truss. Hence, as plotted, the actual movement 
of the joints is greatly exaggerated. This is done in order to show the relative rather than the 
actual movement of the joints. 

The diagram of the deformed truss brings out some points which should be considered in 
selecting the form of the members for trusses of this type. It will be noted that members 
A-B-C and C-D-F are bent out of line due to the deformation of the structure. If these mem¬ 
bers are made continuous, which is the usual practice, heavy secondary bending moments are 
set up at the middle points of the members. Since the fiber stresses in the members due to 
these moments are proportional to the depth of the member, it follows that the depth of the 
member in the direction of the bending should be as small as possible, in order to avoid excessive 
fiber stresses. In the case of the 6 X 19-in. members adopted for the design under considera¬ 
tion, the 6-in. face should be placed in the vertical direction and the 10-in. face should be placed 
horisontaL This would probably not fit in with the architectural features of the design. 
However, since considerable excess-area is provided in these members, the total combined 
fiber stress with the 10-in. face placed vertical will probably be within the allowable limits. 
Everything considered, square sections are preferable for trusses of this type. 

The ends of trusses of the scissors type are generally rigidly fastened to the supporting 
walls by means of anchor bolts or by abase plate bedded in the masonry. After the trusses have 
been erected^ the roofing and other applied loads are added as the const ruction proceeds. On the 
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removal of the erection false work or other temporary construction supports, the full loads are 
applied to the trusses, which tend to deform, causing the points of support to move horizontally, 
as calculated above. Since the trusses are generally rigidly fastened to the walls, as stated above, 
the walls are forced outward due to the resistance offered to the horizontal motion of the ends 
of the truss. Horizontal forces are therefore set up which cause bending moments in the walls. 
These moments, and the resulting fiber stresses, arc a maximum at the foot of the walls. If 
the fiber stre^es are excessive, the walls will be cracked at the base. To avoid failure of the 
walls due to this cause, the bending moments and fiber stresses must be estimated and a wall 
thickness adopted which will offer the required resistance. If one end of the truss is allowed to 
move freely as the loads are applied, the walls will be relieved of the greater part of the bending 
moment mentioned above. However, this is not the usual practice. In view of this fact, 
methods will be given for the determination of the horizontal forces which must be resisted by 
the walls. 

The methods of calculation for the determination of the thrusts at the tops of the walls due 
to the deformation of a scissors truss are similar to those used in Art. 170 6 for the determination 
of the reactions for a two-hinged arch. Let Fig. 243 (a) show a scissors truss, or any other type 

of truss in which the elastic deformation of the 
members produces thrusts on the supporting 
w-alls. To make the solution general in nature, 
vertical and inclined applied loads are shown 
in position. Consider the truss removed from 
the walls, and represent the action of the trusses 
on the walls by the forces shown in Fig. 243 (6). 
The forces II represent the thrusts at A and F 
due to the deflection of the truss. Evidently 
these forces are equal in amount and act in opposite directions, as shown in Fig. (/>). The 
forces Hiy Hj, Riy and Rz represent the action of the applied vertical and inclined loads, and 
are calculated by the methods of Statics given in Sect. 1, considering the truss as a free body 
removed from its supports. 

The forces Hi and H 2 include the effect of the wind on the vertical sidewalls. This 
effect is indeterminate, but it is sufficiently accurate to assume that the moment due to the 
horizontal wind load is equally divided between the two walls. It will therefore be assumed 
that the truss, acting as a strut between the two walls, transfers to the top of the right-hand 
wall, a load which will produce the assumed moment at the base of the wall. If w; « wind 
load per foot of wall, and k == height of wall, the moment to be carried by each wall is 
M ^ On the assumption made above, the load at the top of each wall is P » 

M/h « H wh. 

Assuming that the truss is rigidly fastened to the walls, it is evident that the horizontal 
movement of points A and F of the truss is equal to the horizontal movement of the 'tops of the 
walls, points A and F of Fig. (6). For the determination of H, the thrust of the trusses on 
the walls, an equation of elastic equilibrium can be established by equating the deflection of 
the truss, as calculated by eq. 1, to the combined deflection of the walls for the forces shown in 
Fig. (6). 

The values of /Sf to be used in eq. (1) for the determination of the horizontal motion of 
points A and F of the truss are the actual stresses in the members. These stresses include the 
effect of the thrust H and the effect of the applied loads. As stated in Art. 170 in connection 
with the derivation of eqs. (8) and 10), these stresses can be expressed in the fom 




Fig, 243. 


S ^ S' -Hu (2) 

where S « actual stress in any member; S' - stress in any member due to the applied loads 
for the truss considered as removed from the walls and considered as a simple truss; H » thrust 
on the walls; and w « a ratio defined above for eq. (1). Substituting this value of in eq. 
(1), the horizontal movement of point A of the truss with respect to point F is 





m 
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The deflection of the walls due to the applied loading shown in Fig. (6) depends on the 
form of the walls. If they are of uniform cross section for the full height, they form simple 
cantilever beams acted upon by the horizontal forces shown in Fig. (6). The effect of the verti¬ 
cal loads Ri and R% on his horizontal deflection is so small that it will be neglected. From 
Sect. 1, the deflection of a simple cantilever beam due to a load P is given by the expression 
A * PP/ZEI. To reduce this value to a general expression adaptable to all forms of walls, 
the term P/ZEI will be called the deflection coefficient of the wall. In the work to follow, this 
coefficient will be denoted by k, using subscripts 1 and 2 respectively to indicate the left and 
right-hand walls. With this notation, the total movement of points A and F of Fig, 243 (6) 
for the forces shown, is given by the expression 

A « - Hi)kt + (H + H,)k2 

from which 

A = H{ki 4- k2) - Hxki + Hiki 
Equating eqs. (3) and (4) and solving for we have 

- 


(4) 

( 6 ) 


which is a general expression for the thrust on the walls due to a rigidly attached truss of the 
type shown in Fig. 242. 

To illustrate the application of eq. (5) to a given set of conditions, certain assumptions will be made regarding 
the walls supporting the truss of Fig. 242 and the resulting thrust on these walls will be calculated. Suppose that 
the truss under consideration is rigidly attached to a masonry wall 18 in. thick and 15 ft. high, and assume that 
beoause of window openings, a section of wall 8 ft. long is available to resist the thrust of the trusses, which will be 
assumed to be 16 ft. apart. 

For the applied dead and wind panel loads shown in position on Fig. 242(a), it can be shown that Hi » Hi 
■» 2,800 lb. To this load must be added the effect of wind on the side walls. As stated above, this effect will be 
assumed to be due to a load w4/4, where to •= load per foot of wall. For a 30>lb. wind load acting on a 15-ft. wall, 
trusses 16 ft. apart, wh/4 » K X 30 X 16 X 15 «= 1800 lb. The total horizontal load is then Hi ^ H» 2800 
-H 1800 « 4600 lb. Since the walls arc alike, and are simple cantilever beams of height h, the value of the deflec¬ 
tion constant, as defined above, is 

kl ^ kt - gjjjr 

where E modulus o{ elasticity of the material composing the wall, which will be assumed to be 3,500,000 lb. per 
sq. in.; and I » moment of inertia of the wall section, which is given by the formula I » Ks 5d>. For the assumed 
conditions, A ■■ 15 ft - 180 in.; 6 « effective width of wall ■■ 8 ft. -« 96 in ; and d •« thickness of wall *■ IS in.; 
and 

__ 0 0000119 

(3) (3,500.000)012) (96) (18)* 


The term Hiki — Hikt of eq. (5) can readily be seen to be equal to zero for the assumed conditions. Table 2 
gives directly the term S^^u, for the stresses S' are exactly the same as given by Table 1. The term is 

readily calculated from the values given in Table 2. Col 8 gives the several values and the required summa¬ 
tion. The value of 4* As *■ 2k can be determined from the calculations given above. Substituting these values 
in eq. (5), we have 

0 2078 

^ "■ 0.0000202r4- 0.00002380 “ 


which is the thrust of the trusses on the walls for the assumed conditions. 

The ooinbined fi.ber stress in the walls due to the bending moments induced by the total horizontal loads at the 
tops of the walls must be investigated. From Fig. 243(5), it can be seen that the maximum fiber stress will occur 
at the inside lower edge of the right-hand wall. This fiber stress is to bo determined for bending due to horizontal 
forces and oompression due to the weight of the wall and the truss reactions at the wall. As stated above, Hi 
4000 lb* fitenoe the total horisontal force is Af 4* Hs ** 4710 4* 4600 9310 lb., and the bending moment at 

the foot of the wall is 0310 X 180 » 167,600 in.-Ib. Since the wall section is rectangular, the fiber stress due 
to bending is A *■ OM/dd*, where b effective width of wall ■■ 96 in., and d thickness of wall 18 in. Hence, 


, (6) (167,500) 

“ (96)(18)* 


324 lb. per sq. in. 


This fiber stress is tensile on the inside edge of the wall. The compression at the same point due to the weight of 
Am wan and the truss leaetion is eoual to the total load divided by the effective area. Assuming that the material 
eojnposingtliewallswciahstfi01b.pereu. ft„thewei^toftbewaUis8X 1.6 X 16 X 160 28,800 lb. From 
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Fig. i42(o), the vertical trues reaction at point F is 10#800 lb. Hence the total vertical load is 2BSOO *f 20*800 •» 
3dt600 lb. For an effective section of wall IS X 06 in., we have 

fc « *“ ^ P®' 

The resultant fiber stress on the fiber in question is then / «/»- /a *• 324 - 23 - 301 lb. per sq.in., tension. If 
the material composing the wall is capable of withstanding this tensile stress, the assumed wall is satisfactory; if 
not, the wall section must be revised. It was found that a 36-in. wall is required if no tension is allowed on the 
masonry. As walls of this thickness are expensive, it is probable that some type of buttressed wall would be 
adopted. 

The horisontal thrust on the walls is often determined on the assumption that the walls are absolutely rigid < 
Eq (5) can be made to cover this condition by noting that, in general, k -* h*/3 El. For an absolutely rigid wall, 
it is evident that /, the moment of inertia is infinite. Hence all values of k are equal to aero, and eq (5) becomes, 


H 


y S*l 


From the values of these terms given in Table 2 
• // * , 


10.250 lb. 


0 2078_ 

0 00002023 

Note the effect of the elastic deformation of the walls on the value of H, as shown by comparing this value of H, 
< V tculated for a rigid wall, and the value calculated above for an elastic wall. 

After the value of // has been determined for any assumed set of conditions, the true stresses in the truss mem¬ 
bers, which must include the effect of the resistance 
of the walls, can be determined from eq. (2). Cols 
9 and 10 give all of the necessary calculations, and 
col. 10 gives the final stresses. The value of H should 
include the effect of wind on the side walls. Hence 
for the 18-in wall, H - 4710 + 1800 - 65101b 

177. Analysis of Stresses in a Hammer- 
beam Truss.—A typical framework for a 
hammer-beam truss is shown in Fig. 244 (a). 
The curved members near the center of the 
truss^ and all other members which are used 
for ornamental purposes, have been re¬ 
moved. Figs. 234 and 236 of Art. 176 show 
complete trusses of this type. 

As shown by Fig. 244 (a), a typical 
hammer-beam truss can be considered to 
be composed of three parts. These parts 
consist of a truss, shown by DFKj and two 
parts, shown by ABDH and the correspond¬ 
ing part on the right, which contain the 
hammer-beam BH. The entire framework 
is supported at A and L by masonry walls 
which are continued upward to the level of 
point B. 

Strictly speaking, a truss of the form 
shown in Fig. 244 (a) is statically indetemi- 
nate, for the top chord member BDF is gen¬ 
erally made continuous from end to end. 
Also, the portions of the truss containing the hammer-beams are generally rigidly fastened to 
the masonry walk. However, by assuming that the hammer-boam portion of the truss is 
supported at the masonry wall, point A of Fig. (a), by a hinge-iike detail, and ateo that the 
oonneetioii between the trass DFK and the hammer-beam k a hinge, t^ stresses become 
statically determinate, llieee assumptions are reasonable, for at joint D only Ihe reSkting 
moment offered by the chord sectiem k opposed to any distortion the structure. This 
resistanee is not great, and can be neglected without sensible error. A rigid connection 
between the wall and the hamsMsbeam portfam of the truss m hard to make, it k 
thasafAm the MmmkmA jeoMItiOBS cloaelv aixnvoxhnate the aetitil coiiditiOMi 

I4S, 
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Under symmetrical vertical loads, the truss shown by the full Imes of Fig. 244 (u) is a 
stable structure. To hold the several parts of the framework in equilibrium, the reactions at 
A and L must be inclined to the vertical. When the structure is subjected to inclined loads, 
such as wind loading, the full line framework of Fig. 244 (a) is not in stable equilibrium. Ad¬ 
ditional members must be provided which will offer the resistance necessary to prevent collapse 
of the structure. This resistance to distortion is provided by the curved members joining iwints 
HG and GM. The end connections of these members can be so arranged that they will take 
compression only. In this respect these members form counters, which act only under unsym- 
metrical loading. It is to be noted that the reactions at the points of support are inclined to the 
vertical for all conditions of loading. These reactions must be determined and the wall sec¬ 
tion proportioned accordingly. This point is important, for the truss action assumed above 
is based on the fact that rigid supports are available. 

The stresses in all members of the truss of Fi^ 244 (a) will be determined for vertical panel 
loads of unity placed as shown on the truss diagram. Since the truss is assumed to be supported 
by hinges at A and L, and since hinges are assumed at D and the reactions at A and L can be 
determined from the condition that the equilibrium polygon drawn for the applied loads must 
pass through the points A, Z), A”, and L. This construction can be carried out by the methods 
outlined in Art. 170. 


Fig. 244 (6) is a force diagram constructed for one-haif of the structure. Bv the methods referred to above, it 
was found that I of Fig. (b) is the pole for the equilibrium polygon passing through points A, D, K, andL of Fig. (a). 

Hence l-n of Fig. (b) represents to scale, the amount and direction of the reaction at A of Fig. (a). The diagram of 
stresses in the members is readily constructed by the methods of Sect. 1. Fig 244 (b) shows the completed diagram. 
All streascs are indicated on the members, and are denoted by D. I... (dead load). 

The stresses in all members of the truss were also determined for unit wind loads acting normal to the left hand 
side of the roof surface, as shown on Fig. 244 (a). As stated above, to maintain a stable structure, a curved member 
GM must be provided. Although the member provided is curved, the stress in this member can be determined as for 
a straight member connecting G and M, This straight member is shown by dotted lines in Fig. (a). Having 
given the stress in this straight member, the resulting fiber stresses in the curved member can be determined by the 
methods given in the chapter on Bending and Direct Stress—Wood and Steel, in Sect. 1. 

Since the presence of the member OM eliminates the hinge at i?, the framework can be considered as divided 
into two parts by the hinge* at D. The reactions at A and L for the assumed structure can be determined by cons¬ 
tructing the equilibrium polygon which passes through points A, D and L. By the methods referred to above, it 
will be found that point I of the force polygon of Fig. (c), constructed for the applied loads, is the true pole for 
the required equilibrium polygon, and that l-x and 1-e give the amount and directions of the reactions respectively 
at A and L of Fig. 244 (a). Fig 244 (r) gives the complete stress diagram as constructed for the applied loads. 
All stresses are indicated on the members in Fig 244 (o), and are denoted by W. L. (wind load). 


ffmfnasABC 


178. Analysis of Combined Trusses.—Roof trusses arc often framed by combining two 
different types of trusses. In Fig. 245, a simple truss, ARC, is supported at the ends by a 
bracket, ADA, which, together with the 
walls, forms a cantilever truss ADF. The 
combined structure thus formed can be 
analyzed by separating it into its parts. 

Thus the truss ABC can be analyzed and 
the reactions and stresses determined. The 
reaction of truss ABC can then be applied 
as a load on the bracket ADA of Fig. (6), 
and the Stresses In the members of the 
bracket and the bending moments at the 
foot of the wall can readily be determined by the methods used in the preceding chapters. 

Combination trusses formed from a simple truss and an arched truss of the ribbed type are 
often encountered. Figs. 237 and 238 of Art. 176 show examples of this type. In many 
cases the arch members are used only for decorative purposes, and are not intended to cany 
loads Oxcept possibly their own weight. In other cases it is assumed that both systems assist 
Ih cartyinit the applied loads. Under such conditions, the exact distribution of the applied 
loadi to tite two systems offers a very complicated problem. While this problem cs^ be solved 
dsT^dOpsd in worics on stasses in statically indeterminate structures, in genmwl it 
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can be said that this procedure is not necessary. An experienced designer can generally esti* 
mate the probable distribution of loads between the two systems. By separating the systems, 
and treating them as independent structures, an analysis of stresses can be made which will 
answer all practical purposes. 



179. Typical Joint Details for Ornamental Roof Trusses.—In general, the joint details 
for ornamental roof trasses are similar to those used in the chapter on a Detailed Design of a 
Wooden Roof Truss. The framing of members in ornamental roof trusses often calls for joint 
details in which the members meet at acute angles, and where several members meet in a com¬ 
mon point. A few of these special cases will be considered and typical joint details will be 

shown, without going into the details of the 
design methods. 

Fig. 246 (a) and (b) show details for the 
end joint of a scissors truss. The angle be¬ 
tween the chord members is generally so acute 
that the details shown in the chapter on the 
Design of a Wooden Roof Truss can not be 
used. Fig. (a) shows a strap connecton, and 
Fig. (b) shows a bolt and cast-block connection. 
Another joint of a form not encountered 
in the simple roof truss designed in a preceding chapter is the one at joint B of the truss of 
Fig. 242 (a). Where single pieces are used for the lower chord members, this detail is made 
by halving the members at the joint, as shown in Fig. 247. Ornamental iron straps are often 
added to hold the members in place. Fig. 248 shows joint details in common use. 



ROOFS AND ROOF COVERINGS 

By John S. Brannb 

A good roof is just as essential as a safe foundation. A perfect foundation secures the 
building against destruction starting at the bottom; a good roof affords protection for the 
building itself and what the building contains, and prevents deterioration starting from the 
top. A faulty roof may be very difficult to remedy, involving generally a removal or the cost 
of a new roof, with probable changes in truss and purlin construction and inconvenience to 
tenants, merchandise, or machinery. 

160. Selecting the Roof and Roof Covering. —In selecting the roof and roof covering the 
general requirement is to provide the bestf in the sense of most suitable, roof at the least cost 
To arrive at a solution for the most suitable roof, the agencies must be considered which attack 
the root from both the outside and inside. These agencies depend upon the climatic oonditionsi 
the usee to which the structure is put, the fire risk and the special imposed loads other than snow 
and wi&d^ Iioeal btdlding laws and regulations must also be consulted in this connection. 

In considering least cost it is necessary to take into account (1) the comparatire prices of 
actable materials at the building site; (2) the temporaiy or permanent character of the atitio* 
fUaSf* 0) tim admtSie of buying materials in larger quantity (which may determine^ lor 
imiM 6 slab when them is much eonciete w<^ in the stnietiiie nn iitr iSm 
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roof); (4) the probable weather conditions during the roof construction; and (5) the ease of plac¬ 
ing the roof materials. 

181. Conditions to be Considered in Roof Design. 

181a. Climatic Conditions.—The climatic agencies which tend to affect the in¬ 
tegrity of a roof are the following: rain, snow, ice, high winds, salt air (along the sea coast), 
heat, and cold. 

Rain .—To provide for rain, the loof must be tight and have proper drainage. By proper drainage is meant 
a fair slope for the roof surface, so that water will not remain in puddles, and also a proper distribution of good sixed 
gutters and leaders to carry the rain water to the ground. In determining the size and distribution of the gutters 
and leaders exceptionally heavy rains must be taken into account since, in case the downtakes are too far apart, 
such rains will produce a good sized current of water tending to abrade the gutter surface as well as causing damage 
by overflow. The accumulation of leaves, twigs, and rubbish of various kinds necessitates strainers at all downtakes 
and a periodical inspection of the roof. 

Snow .—Snow sometimes causes exceptionally heavy loads on roofs having a slight slope, or on roofs with high 
parapet walls as is sometimes found around tower roofs for ornate purposes. Drifting snow may bank up by 
blowing down from high-level roofs on to roofs at lower levels, filling up “pockets" where it will remain until it melts 
away. On roofs cons sting of a series of secondary roofs as, for example, on saw-tooth roofs or common monitor 
roofs, the snow often is found banked up deep in the valley gutters. Dry snow, driven by a high wind, will drift 
through small crevices, which will prevent the use of certain roofs over dynamos and electrical work generally. 
Snow prevents the use of skylights with small inclination for shops that are not heated, as in such cases the snow 
may remain for weeks and prevent daylight from coming through. 

Ice .—Ice is likely to cause trouble on account of its expansive action and its tendency to accumulate when once 
started. On account of this it is necessary (1) to have perfect roof drainage, meaning a proper slope of surface and 
gutters, and capacious downtakes; (2) to make a periodic inspection of the roof tu remove rubbish accumulations 
around strainers; (3) when outside downtakes (leaders) are used, to select the corrugated or expansion type, in 
which the material has a fair chance to avoid disruption due to ice action; (4) to make wide and shallow gutters 
instead of deep and narrow ones; and (5) to use wide flashings from eaves and valley gutters under the roofing 
material. In gutters where ice is apt to form in spite of prec.autions taken in planning the building, a steam pipe 
running under the full length of the gutter will be found to do good service. 

Wind .—Wind pressure on the roof adds an appreciable amount of load on a steep surface. The influence of 
high wind on the roof and roof covering becomes most evident (1) in its driving action on snow and rain, as referred 
to above; (2) in its tendency to raise up light roofing units, as slate shinghs and light flat tile; and (3) in its ten¬ 
dency to raise up and dislodge thin roofing materials, like sheet metal, corrugated steel, and prepared felt roofings— 
particularly along overhangs and eaves, where the fastenings are most exposed and the wind pressure most active. 

Salt Air .—Salt air along the sea coast has a greater corroding influence on roofing metals than moisture alone. 

In such locations metallic roofs require more frequent repairs and painting. Generally, acid-laden air tends to 
destroy metals quite rapidly, and this action becomes much greater when two metals touch, as zinc and copper, 
producing a galvanic action. 

Heai and Cold .—Heat and cold act on roofs in various ways. Variation in temperature causes expansion 
and contraction, which in some roofing materials must be taken special care of by expansion joints. Great heat 
will dry out some felt and tar coverings so that they will crack and give opportunity for frost to destroy the covering. 
Attention should be given to the composition of such coverings, avoiding volatile tar compounds which flow at a 
comparatively low temperature. Where a metal roofing is protected by paint, a clean surface and a heat 
resisting paint is essential. The action of cold is felt through the agency of ice formation described above. 

1816. Uses to Which the Structure is Put.—In dwellings, from the small house 
to the large public building or hotel, the roof is generally in keeping with the balance of the 
building as regards fireproof or non-fireproof construction—^the particular type (whether plank, 
concrete, tile, or gypsum-composition) depending upon climatic conditions, fire risk and 
exterior loads. In manufacturing plants, however, in addition to the above-mentioned con¬ 
ditions must be considered the kind of roof most suitable for the particular activity to be carried 
on in the building. In steel and iron works and in any plant where the fire risk is great, a fire¬ 
proof roof is essential. In manufacturing establishments using strong acids or alkalies, metallic 
roofs or roofings will corrode rapidly. It is not good practice to use a plank roof on steel pur¬ 
lins and trusses unless the risk of the plank catching fire is negligible. Many cases are on record 
of total destruction of steel frame buildings, trusses and columns, by burning of the wooden 
roof plank. 

Aaothar ooadiUoa to look out for It condensation on the under ride of roof, due to raind eooling and lack of 
poioelty 0| roof materials. To overcome this in the case of a corrugated steel roof, an asbestos lining is plaoed under 
the mol. Aibeetoi proleeted metal roofing has been used in simtlar essee, also asbeatoe corrugated roofing. The 
gfVitim, toriiialiiHi eoneiete roof and the plank roof—the hitter sometimea coated on the underside with a fireproof 
igittpoiuid—ar# good nooeonduetors. 



596 


HANDBOOK Of BUILDING CONSTRUCTION 


fSoc* S~'281c 


181c. Fire KIsk.—^Fire risk ia, necessarily, a consideration of vital importance. 
Mention has already been made of the advisability of using hreproof roofs unless the fire risk 
from the inside is negligible. The surface, however, should always be fireproof to avoid a fire 
starting from sparks or burning embers carried by a high wind. Parapet walls afford more pro¬ 
tection for combustible roof beams and plank than a sheet metal cornice. Fire walls projecting 
well above the roof prevent a fire from running along a roof. All roof houses and bulk heads 
should be fireproof throughout. Skylights should be screened and also have wire glass. Stand¬ 
pipes should be conveniently located and long skylights or monitors broken up for easy access 
to any part of the roof. 

181d. Special Imposed Loads.—Special imposed loads may be crowds of people 
as, for example, when the roof is used (1) for a school or other playground; (2) for entertain¬ 
ment, as hotels, theatres, and restaurants; or (3) for manufacturing processes in certain indus¬ 
tries. Such roofs must have a wearing surface in addition to standard roofing requirements. 

181e. Least Cost.—In reviewing least cost the following points should be con¬ 
sidered: 

1 . Least cost must not under any circumstances mean inferior materials or workmanship. 

2. Best value often received by not using patented devices which may bring a royalty into the cost. 

3. Time required in placing the roof 

4 Well known materials and standardized construction methods. 

5. Cost of upkeep including insurance 

182. Precautions in the Design and Erection of Roofs.—Roofs that have to be constructed 
in the winter months must be protected from the destroying influence of frost which may per¬ 
meate the roof slab and render it weak. 

Concrete slabs, especially cinder concrete slabs, must be protected from frost during set 
and followed up quickly by the roofer. 

Gypsum-composition slabs are quite porous and must be covered at the earliest possible 
moment with the roofing to prevent snow, rain, and frost from breaking up the slab and causing 
sags. Gypsum-compos tion roofs depend for their integrity more on the suspension than the 
bond principle, and may be considered to rest on the imbedded steel wire cables. The cables 
are stretched for considerable distances ahead of the slab, and ice or snow may lodge on them, 
preventing wholly or in part the bonding action. Before pouring the slabs, the snow and ice 
should be removed from the cables, and the roofer should follow immediately with his protec¬ 
tion. End bays should be braced securely with angle struts and diagonals to prevent sideways 
movement of purlins with resulting sag of slabs. 


On all but the so-called '*flat roofs" (pitch 1 in. per foot) the roof material will cause the supporting purkns to 
bend sideways toward the eaves unless prevented by sag ties anchored securely to a braced top panel or heavy mem¬ 
ber at the peak. 

Where a choice hse to be made between several suitable roofing materials, the fact that the roof has to be 

placed during cold or inclement weather wdl probably cause the 
choice of a roof easily and quickly placed, and offering least 
epportunity to be injured by snow and ice. 

188. Roof Decks. 

Concrete.—A reinforced con- 
Crete slab deck is (see Fig. 249) probably more 
durable and fire resisting than any other type of 
roof construction. The economy of a concrete slab 
depends upon the amount of concrete used on the 
. job. If the floors are of concrete, or if concrete is 

* used extensively on the job, the contractor will have 

labor saving machinery at hand and be in a position to construct the roof at a low cost. 
Conerete roofs are used extensively on fireproof buildings, such as theatres, hotels, ofiSoe and 
bli buiMings, factories, etc. Cinder concrete being lighter in weight than stone concrete Is 
generally use^ Hping, luting, lighting and other fixtures may ^ fastened direetly to the 
1 ^ c)|[ the slab by means doweb or expansion bolts. A conexete roof shou^ 

nOilbe UsHel where condensation will take place unbss properly insuiated. 




Fig. 24^.---C!kmcrete zlab. 
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Cinder oonorete weighs 108 lb. per cu. ft. Only ^tean steam boiler cinders should be \ised> Stone 
woiglui 144 lb« per cu. It. Heinforcement may be steel rods* wire meshi or expanded metal. 

188&. Hollow Tile.—Terra ootta hollow tile (see Figs. 260, 251, and 262), both 
porous and semi-porous, are used for roof decks in fireproof construction. Either flat or seg¬ 
mental arches are used in main roofs. For fiat roofs of pent houses and bulk heads, and for 
steep slopes as in mansard roofs, book tile are used, supported on tecs. Hollow tile gives a 
comparatively light roof and may be used where concrete is found suitable. Where the roofing 
material is to be applied directly to the tile, porous tile should be used, as it will receive the 
nails. The porous tile will prevent condensation in ordinary cases. 

Book tUo is laid between tees, spaced 1 in farther apart than the length of tile. Book tile for roofs comes in 
various lengths from 16 to 24 in., 12 in wide and 3 to 4 in thick. The 24>in tile is generally used. Book tile 
weighs 20 Ib. per sq. ft. for S-in. thickness and 24 Ib. per sq. ft. for 4-in. thickness Hoof tile weighs 26 lb. per sq. 
ft. for 6-in. tile; 29 lb. for 7-in., 32 lb. for 8-in., 36 lb. for 9-in., 38 lb. for 10-in , 44 lb. for 12-in., 60 lb. for 14-in., 
54 lb for 15-in., and 55 lb. for 16-in. 


Fig. 250. —Segmental arch. Fio. 251.—Flat arch end construction. 

183c. Reinforced Gypsum.—The use of gypsum for roof slabs (see Fig. 263) is a 
comparatively modern development. The first type used was tile, 3 in. thick, 2H ft. long. 
Later on, tile up to 6 ft. were used, followed by gypsum T-beams, spanning from truss to truss, 
generally of 10-ft. maximum length. The method used at the present time is to build a center¬ 
ing that produces a 4-in. slab and a T-beam of a total depth of 6 in. These T-beams are spaced 
6 in* on centers. In calculating strength, no part of the web is considered as taking compression, 
meaning by web the part of the steam below the slab itself. Reinforcement is placed at the 
bottom of the T-beam; and wire mesh, needed principally for expansion or contraction, is 
placed at the bottom of slab.^ 

Ordinary concrete formulas are used with the following working stresses: Compression in extreme fiber, 350 
lb. per sq. in.; shear, 20 lb. per sq. in.; bond stress, 30 lb. per sq. in.; bearing, 300 lb. per sq. in.; tension in steel, 
16,000 lb. per sq.in. Ratio between moduli of steel and gypsum, 30. 

The gypsum sets quickly and allows the speedy removal of forme. As there is some heat developed when the 
gypsum hardens, this property is useful in cold weather. The form work is executed to a greater finish than for 
those used for concrete. 
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Fig. 253.—Reinforced gypsum slab. 


188d. Gypsum Composition.—Gypsum has a low conductivity for heat and is a 
good material to use where much moisture is present in the air, as in power houses, textile 
Tn illi ,, itnd ■tmilii.r muiufacturing planta. The suspended system consists of two No. 12 galvanized 
cold drawn steel wires twisted together, spaced from 1 to 3 in. apart and securely anchored at 
the end purlins by mnuna of hooks (see Fig. 254). This system with a 3-in. slab will span 10 ft. 
for a light roof load. A 4-in. thickness is preferable for heavier loads. The supporting medium 
in this type is tbe series of wire cables, the slab acting as a covering. An equalizing bar is 
at ihe middle of the span to assure an equal deflection of the cables. The slab is porous, 
a|S there is present wiUi gypsum other substances as cocoanttt fiber, shavings, or even as- 

. . ( Jtew JDSe- »A 1016. by VlflO O. Storwil. Cob*. Kii«r-. CaeTOtood, 0. 
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bestos chips. In selecting this roof slab, inquiry should be made as to whether the admixtures 
are apt to cause discoloration or flaking on the underside of the slab. The slab should be 
promptly protected from snow and ice which quickly injure a porous slab. The lightness of 
the material, about 4 lb. per in. of thickness, causes economy in the supporting trusses and 
purlins. 

188s. Wood.—Wooden roofs are used in mill construction and on frame build¬ 
ings, and also on steel structures where the Are hazard is negligible (see Figs. 255, 256, and 257). 
In frame construction, the rafters are generally spaced 16 in. on centers, covered with J^-in. 



Pia. 258.—“French” or diagonal method of laying Fia. 269.—“American” or straight method of laying 

asbestos shingles. asbestos sbingles. 

matched sheathing. Where shingles, tile, or slate is to be used, roofing slats may be used, 
omitting the plank-—thus allowing a space of 2 to 3 in between the slats. In mill construction, 
heavy roof timbers are used"^with purlins spaced 5 to 6 ft. apart with a 3-in. plank sheathing. 
With steel construction, nailing pieces must be bolted to the purlins. Either a single thickness 
of plank heavy enough to sustain the loading may be used, or two thicknesses of plank, the 
second layer applied diagonally. If wooden purlins are used, clips arc provided on the trusses 
for attac^g the purlins. 

164. Roof Coverings. 

i84a. Shingles.—Shingles are made of asbestos, wood, or metal. Adfestos 
Shingles ,—Several makes of asbestos shingles are on the market. They are made of about 
15% asbestos fiber and 85% Portland or hydraulic cement, formed under a pre8SU|:e 
of 700 tons per sq. ft. Asbestos shingles are very durable and suffer very little from the climatic 
i^nditilons. They are also fireproof, afioiding protection against sparks. These shinglee eaa 
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be cut with a saw. They should be applied on matched sheathing covered with slaters’ felt or 
waterproof paper (see Figs. 258 and 259). Galvanized iron or copper nails should be used for 
fastening. Weight of asbestos shingles, 2\i to 4H lb .per sq. ft. 

Wooden Shingles .—Wooden shingles are made of cypress, cedar, redwood, white and yellow 
pine, and spruce—^the lasting qualities in the order given. White cypress shingles are the 
most durable. Redwood shingles are the least inflammable, and arc used extensively along the 
Pacific Coast. A shingle roof should have a slope of 6 in. to the foot, except for less important 
roofs where 4M in. to the foot may be used. Shingles may be nailed to slats, or a plank sheath¬ 
ing may be used covered with waterproof paper or felt (see Figs. 260 and 261). Standard size 
of wooden shingles: 20 in. long, 2 }4 to 16 in. wide, Ke in. thick at butt end. 1000 shingles 4 in. 
wide will lay 111 sq. ft. of roof surface with 4-m. gage (exposure to weather), 125 sq. ft. with 



Fig. 260.—Slat method of laying wooden shingles. 


Fio. 261.—Sheatlung method of laying wooden shingles. 


4^-in. gage, and 139 sq. ft. with 5-in. gage. It will take 900 shingles to cover 1000 sq. ft. 
with a 4-in. gage, 800 with a 4J^-in. gage, and 720 with a 5-in. gage. Five pounds of three¬ 
penny nails or 7^^ Ih. of four-penny nails should be provided for 1000 shingles. A man will lay 
from 1000 to 1500, 4-in. shingles per day according to the class of work. For hip and valley 
roofs 5 % should be added for cutting, and irregular roofs with dormers, 10 % should be added. 

When the space under the shingles is to be occupied, the sheathing method is the one to be preferred on account 
of protection from heat and cold. The open slat method gives longer life on account of more ventilation. The 
life of shingles may be prolonged by dipping them in linseed oil or creosote 


Metal Shingles .—Metal sliingles are made of tin, galvanized steel, galvanized iron, zinc, 
or copper. They are generally made interlocking and have stiffener ribs, and are made in 
many shapes and sizes. At present they arc not much used, having no great advantage over 
wooden shingles. 

1846. Slate.—Slate comes in sizes from 7 X 9 in. to 24 X 44 in., and from H 
to ^ in. thick. The common roofing sizes used are 12 X 16 in., 12 X 18 in., 12 X 20 in., and 
14 X 24 in. Common thicknesses are He iu. and K The 
thickness weighs 6H Ih. laid, and the }^i in. weighs 8 lb. Slate 
should be laid with a lap of 3 in. over the second course below (see 
Fig. 262). The top course along the ridge, 2 to 4 ft. from gutters 
and 1 ft. from the hips and valleys, should be laid in elastic cement. 

A man can lay 2>^ squares of slate per day. The slope of roof 
should be 6 in. per ft. for 14 X 24-in. slate and 8 in. per ft. for 
smaller slate. For small sizes 3 penny nails should be used, and for 
12 X 20 in. and over, 4 penny nails. All holes should be drilled. 

A hard slate should be selected of the tough and springy variety. If slate is too soft, holes 
become enlarged; if too brittle, the slate breaks when squaring and in shipment. Slate should 
be laid on slats or sheathing with a paper or felt base. 

184c. Tin.—Tin tas been used extensively on dwellings, public buildings and 
factories. If kept continually and thoroughly covered with red lead or oxide, with pure 
linseed oil, a tin roof properly laid will last, in a dry climate, from 30 to 50 yr. Much depends 
on the quality of the iron and method of coating with tin. The pure iron plates recently 
brought out, such as the Armco iron, appear very good. As with all metal roofs, salt air 
shortens the life. Tar paint or tar paper should never be used for tin roofs. The I. C. grade 



Pio. 262.—Slate roof. 
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dtending S«am 
Fig. 203 —Tiu roofs 


of tin should be used for roofs as it does not expand as much as the heavier I. X. grade. 
Sheets come in sixes of 10 X 14 in. and multiples, and weigh 50 lb. per square before the tin 
is applied. General sixes used, are 14 X 20 in., and 20 X 28 in. The 20 X 28-in. sheets are 
easier to apply but the smaller, having more seams, make a stiffer roof. Tin must not be used 
on roofs where people are apt to walk. Boofs with a slope of less than 4 in. to the foot should 
have flat seams (soldered); steeper slopes may use standing seams (not soldered). Flat 
seams should have edges turned ^ in. and locked. Standing seams should have one edge 
. turned IK in. and the other edge turned IH in. per- 

I pcndicular to the sheet. After placing high and low 

standing edges together, the edges should be bent over 
curled (see Fig. 263). Standing seams need not be 
^ soldered. The cross scams are, of course, flat soldered 

T * seams. Long strips are made up in the shops, the side 

I seams formed on the roof. All flat seams should be 

locked and soldered, sweating the solder into the seams. 
Cleats should be folded into the seams and spaced 8 in 
Standing SGom apart for flat seams and 12 in. apart for standing seams. 

Fig. 203 — Tiu roofs Each cleat should be nailed into the roof with two 1-in. 

barbed tinned wire nails. 14 X 20-in sheets should be 
used for flat seams and 20 X 28 in. for standing seams. Acid should never be used as a 
flux for soldering tin. Rosin is much to be preferred. Felt or waterproof paper may be used 
under the tin but never tar or tarred paper. With flat scams a box of 112, 14 X 20-in. 
sheets will lay 180 sq. ft., or 625 sheets per 1000 sq. ft. With standing seams a box of 112, 
20 X 28-in. sheets will lay 356 sq. ft. or 312 sheets per 1000 sq. ft. 

184d. Copper.—Copper is used extensively on buildings of the better class for 
ornamental purposes, and also on domes, mansards, etc., where a durable and light roof is re¬ 
quired. Its first cost is high, but it requires no paint - --^ 

and the upkeep is low. 

In hot climates copper is not so durable as m ^— / //\ ^ 

the temperate zone and will oxidize; great heat, gen- 
erally, causing oxidation and buckling. In moderate 

climates the metal takes on a coating of carbonate w _ 

of copper and turns green, and this action prevents Fig. 264.~-Copper roofs 

the deterioration from going deeper. As compared 

with lead, it will not creep on steep roofs from expansion. It is ductile, tenacious, and 
malleable, thus easily worked. It has less expansion and is more durable than zinc, and 
presents a fine appearance. Owing to recent high cost, zinc, and at times lead, has been used 
instead of copper. Lap seams should be avoided wherever possible, using instead trough oi 
roll seams (see Fig. 264). Copper sheets come in sizes 24 X 48 in. to 72 X 48 in. Soldering 
should be avoided as much as possible. When soldering is necessary rosin should be used for 

the flux. The usual sheet for rooflng weighs 
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16 oz. per sq. ft. See booklets of the Copper 
and Brass Research Association, New York, 
for other copper rooflng details. 

184e. Zinc*—^As a rooflng ma¬ 
terial zinc is gaining in use in the United 
^States, and has been used very extensively 
in Europe. Usually 16-oz. zinc sheets 
are specified. Zinc must not be used in 


contact with other metals, except iron, on account of the setting up of galvanic action due to 
ihe ahnost universal presence of moisture. When used on woo4 containing some acid, a layer 
of btiilding paper or felt should be interposed. Zme is soluble in diluted adds, and la a ttad^ 
to some eatmtliy salt alt, sQ^iaud«<^ in stwse lumber wttiiwUeh it inayixane In eoiitaet« 
In a dfy eleen $itf zinc is durable; not be bent aM twisted like le^, all sharp beni^ 
1 
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Pig 206 —Lead roofs. 


requiring cutting and soldering. Zinc may be laid like tin with standing jointSi but it must 
be remembered that sine has a much greater coefficient of expansion, which is the basic idea in 
all details for zinc construction (see f^g. 265). The expansion ^^roU cap’’ is recommended for 
all seams running up and down the roof. In Europe corrugated zinc sheets are used. 

184/. Lead.—Lead is used for roofing on small curved smfaces, and on roofs 
where there are a number of comers and projections to cover. It is easily bossed and stretched 
and can be made to fit warped sur¬ 
faces without cutting or soldering. 

While heavier than zinc or tin, the 
reduction in labor may overcome the 
handicap of more weight and greater 
cost. Lead has a large coefficient of 
expansion and will creep on steep 
roofs. It should not be used for a 
greater stretch than 10 to 12 ft. with¬ 
out a joint roll or drip. It comes in 
cast sheets 6 ft. wide and 16 to 18 ft. long, and in rolled sheets 6? 2 to 7 ft. wide and 25 to 35 ft. 
long. Hoofing lead should weigh 7 lb. per sq. ft. A greater pitch than 1 in. per foot should 
not be used imless creeping is amply provided for. Narrow thick plank should be used to 
prevent warping, so that raised edges will not cut the lead. Lead should not be nailed or 
soldered. Locks and welts should be used. If possible, horizontal joints should be made by 
providing drips (see Fig. 266). Joints from ridge to eaves should be made on a 2 to 3-in. 
round. All sharp comers should be avoided. 

184^. Corrugated Steel.—Corrugated steel roofing is generally laid directly on pur¬ 
lins, but sheathing may also be used. It offers a rapid means of roofing at a low first cost. Cor¬ 
rugated steel is extensively used for mill buildings, train sheds, foundries, wharves, skip bridges, 
mine buildings, sheds, etc. It should not be used for a smaller slope than 4 in. per ft. unless a 

longer lap is used. For long life the sheets should be 
kept painted, particular attention being paid to the 
sheets along the eaves and gables, and aroimd the stacks 
or other openings. Corrugated sheets come in 26-in. 
widths with 2}4 X ^-in. corrugation as a standard. 
Sheets are generally laid on the roof with the end lap 6 
in. and side lap two corrugations, the net covering width 
2lH in., the usual thickness No. 20 or No. 22 gage. 
The sheets are fastened to the purlins with straps or 
clips (see Fig. 267). Clips are made of No. 16 steel, 1)^ 
in. wide X in. long crimped one end to go over the edge of beam or channel flange. 
Straps make a better roof. Straps are made of No. 18 steel, in. wide, passed around the 
purlins and bolted to sheets with Ke-in. stove bolts, one strap to the linear foot. One bundle 
of hoop steel weighs 50 lb. and contains 400 ft. 



To avoid oondenaation, an asbeatoe lining (anti-oondensation lining) should be placed under sheets* or plank 
sheathing should be used. Sheets are either galvanised or not-galvanised (black). Black sheets must always 
be painted* preferably with red lead or iron oxide with pure linseed oil. Where corrosive gases attack the sheets, 
as in am^ters where sulphurous gases are produced, asphalt, graphite* or tar paints (pure) should be used, as they 
provide * more inert paint body. 

Corrugated stedi is nailed to wooden sheathing with barbed wire nails* 8 penny sise spaced 12 in. apart. 
96 nails weigh about 1 lb. 20% excess should be added for waste—No. 22 gage corrugated sheets weigh 170 lb. 
per scruare, blaok, and 160 lb. galvanised. No. 20 gage sheets weigh 205 lb. and 225 lb. respectively, laid, including 
8 eorrugations for side lap, 6-in. end lap» sheet 8 ft. long X 26 in. wide. 

184h, Asbestos Protected Metal.—Asbestos protected metal consists of a steel 
eo*e encased in suoeessive layers of asphalt, asbestos, and a heavy waterproofing envelop. 
Oomigated sheets come in 2S-m. widths, 2J^-m. corrugations and 6 to 12-ft. lengths. Net 
coveted spbee^ When laid, with l>f-iii corrugation lapis 24in. This roofing is corrosion proof 
ifeiUft ai^ fmaes, comnivegase^, salt air, moisture, and alkaiies. Having small conductivity 
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for heat and electricity, it is well fitted for many uses where plain steel sheets are not suitable* 
Thus, it is an excellent material for conditions of high humidity and large difierence in tern- 
_ ^ perature, inside and outside of building. It is light, and is applied in the 
Mansard Shee+e same way as corrugated steel; or aluminum, galvanized iron, or copper 
Fio 268 hangers may be used. Purlins should be spaced from 3 ft. 10 in. for No. 

26 gage up to 7 ft. 10 in. for No. 18 gage, on a slope of 4 in. or more in 12 
in. Colors are terra cotta, dark grey, and white. Special mansard roof sheets 28 in. wide 
X 5 to 10 ft. long are made, beads in. high, in. wide, spaced in. on centers (see 
Fig. 268). These sheets lay 26 in. to the weather. 

184i. Asbestos Corrugated Sheathing.—Asbestos corrugated sheathing consists 
of asbestos fiber and hydraulic or Portland cement mixed with water and sub¬ 
jected to a pressure of 9000 lb. per sq. in. These sheets have a hard, smooth 
surface, and make a light, permanent, fireproof roof. They are not affected 
by acid fumes, moisture, or other corrosive agencies and are insulators of heat 
and electricity. Purlins may be spaced 3 ft. apart; aluminum wire with lead 
washers are used for fastening the purlins (see Fig. 269). The asbestos sheets are manufac¬ 
tured in lengths from 4 to 10 ft., 27^ iii* wide, 1 in. deep, and on the average Jle iw- thick. 

184j. Slag or Gravel Roofing.—Slag or gravel roofing may be laid on concrete 
or gypsum slab, or on plank roofing. With plank sheathing the roof should first be covered 
with dry felt. Then two-ply felt (tarred) is laid and mopped with pitch. Then on top of this 
three-ply tarred felt is laid and mopped on top with pitch. While the pitch is soft, it is covered 
with 3 lb. per sq. ft. of crushed slag or 4 lb. per sq. ft. of clean gravel, well screened, of 3 i to 
in. size. With a concrete or gypsum slab the felt should be omitted and the slab mopped with 
pitch before laying the tarred felt. If the slab has a pitch of more than 1 in. in 12 in., provision 
should be made for nailing. Asphaltic felt and pitch may be substituted for coal tar felt and 
pitch. A good gravel or slag roof should last for 20 to 25 yr. and is more fireproof than tin. 
Oils of asphalt do not evaporate as quickly as those of coal tar;hence the life and flexibility of 
the asphalt gravel roof is the greater. 

184A;. Prepared Roofing.—There are several brands of prepared roofing on the 
market. Such roofings are composed of either paper, felt, or asbestos paper and saturated with 

different brands of waterproofing compounds, and are gener¬ 
ally laid on a plank sheathing of matched boards. They are 
lapped at the edges and nailed to the roof with galvanized 
iron nails and tin washers, and the seams are thoroughly 
cemented together (see Fig. 270). With some brands the en¬ 
tire surface is covered with a water-proof cement and pow¬ 
dered asbestos sprinkled on the surface. On sloping surfaces 
of 4 in. or more in 12 in., it is not necessary to cement the 
seams if the roofing is laid parallel to the eaves and there is 
enough lap to prevent the rain from driving in. 

184/. Clay Tile.—Clay tile for roofing is made in several different forms—Spanish 
tile, Pan tile, Ludowici tile, plain tile, and several others. Plain tile come in sizes X X H 
in. and are laid the same as slate, with one-half the length to the weather. Spanish tile, Pan 
tile, and Ludowici tile, aie of the interlocking type, and may be laid on angle sub-purlins, plank 
sheathing, or book tile. When laid on angle sub-purlins, the tile is fastened with copper wire. 
The tmderside of the joints should be pointed to prevent dust and dry snow from drifting in. 
A porous, non-sweating tile, glazed on the top surface only, should be used where there is danger 
of condensation. With book tile or plank sheathing, felt should be used and the tile nailed on 
with copper nails. Clay tile weighs from 750 to 1400 lb. per 100 sq. ft. 

184m. Cement Tile.—On buildings where a permanent, rapidly constructed roof 
IB essential, cement tile serve the purpose admirably. These tile are made of clean sharp sand 
and Portland cement, reinforced with steel. They are made in two styles, interlocking tile 
for sloping roofs and fiat tile for fiat roofs. The interlocking tile comes in various sizes; the 
most common are 26 X 52 X Js in., lay 24 X 48 in. to the weather, and weigh about 14 lb, per 
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sq. ft. They have a projection along the upper edge which hooks over the purlin* One side 
has a roll, and the other side a rabbet. Tiles are interlocked by placing the roll of one tile over 
the rabbet of another (see Fig. 271). Horizontal joints are made by lapping one tile over the 
tile below. No fastening is necessary. Flat tiles are used for roofs with a pitch of less than 
in. in 12 in. These are 1in. thick and are laid on I-beam purlins, spaced 5 ft. on centeiB. 
The joints are pointed and the surface is covered 
with composition roofing. 

184n. Metal Tile.—Metal tiles arc 
stamped out of sheet steel, copper, tin, and zinc, 
to imitate clay tile. They are very light, and the 
first cost is less than clay tile. They are made in 
different patterns and sizes, and are interlocking. 

As a rule they are nailed to wood sheathing 
covered with felt. Metal tiles are not so durable 
as clay tile and require frequent painting. 

184o, Glass.—Glass roofs are used 
on domes, greenhouses, and public buildings, and 
on factories and mill buildings where daylight is 
essential. For greenhouses, flat, plain glass is 
generally used. Wire glass, however, is used where strength is required. Ribbed or other 
glass with a rough surface should not be used for this purpose as it diffuses the light rays. On 
domes, a heavy wire glass with a surface having ribs or prisms on one side is required, as 
there it is necessary to diffuse the light rays as well as the heat rays. On factories and mill 
buildings, the usual practice is to have glass inserts, although a few buildings have been con¬ 
structed with the entire roof made of glass. Actinic glass may be used for roofs and skylights 
in warehouses or other buildings containing goods which may be subject to fading by ordinary 
sunlight. Glass inserts may be cast in cement tile slabs, or corrugated glass sheets may be 
used, reinforced with wire, in conjunction with corrugated steel, asbestos, or asbestos-protected 
metal sheets. 



Fio. 271 —Cement tile 
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Fxo. 272,—Glass roofs. 


Corrugated glass sheets are 5H ft. long* 26 in. wide* and in. thick; other lengths* however, may be obtained. 
The corrugations are made to fit standard corrugated steel sheets. The sheets are fastened to the purlins by means 
of clips. They should have no side lap but should be fastened together by placing a 3-in. strip of asphalt felt along 
the joint and a 34n. strip of No. 24 gage under the joint. Bolts, K~in. diameter, passing between the glass sheets 
and spaced about 10 or 12 in. apart should be used to clamp the whole joint together (see Fig. 272). End joints 
should be made by lapping the sheets 2 in.* preferably over a piulin. Strips of asphalt felt 2.dn. wide should be tised 
on top of the purlins and between the sheets. 

Flat i^ass sheets have end laps* and the side joints are made water tight by means of a spring cap. Ko putty 
Is used. Flat glass weighs about 3H Ih. per sq. ft. and corrugated glass about 4^^, for K*in. thickness. 

188. CondensiKtioii on Rools.--*CondGnsation takes place when the temperature inside the 
buil ding IS mueh higilmr than the outside and when there is enough moisture in the air to reach 
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the dewpoint. The best of ventilation is necessary to prevent condensation. In buildings 
where there is little or no heat, condensation can be wholly avoided by proper ventilation. 

Tftr And gravel roofing is a poor insulator and, when used on plank sheathing, there is danger of decay of the 
wood where such roofs are subject to heat and moisturei The warm air goes through the plank quite readily and 
strikes the cold under surface of the roofing causing condensation. During the heating season the upper surface of 
the plank is continually moist. This may occur near the peaks where the hot vapors abound. 

To prevent condensation forming under concrete slabs they must be insulated. This may be done by insulat¬ 
ing the outer surface from cold or the inner from heat radiation. In the latter method the slab will not only be in¬ 
sulated on the inner surface but will also be insulated to a certain degree by the roofing material on the outside. 

185<z. Methods of Insulating Roofs on the Outside.—There are several methods 
of insulating roofs on the outside. 

A cinder fill is probably the most extensively used for insulating a concrete roof slab, as it 
serves the double purpose of insulation and drainage. This provides an efficient insulation for 
buildings except where there is excessive moisture present as in paper mills, power houses, etc. 

A cinder concrete fill also makes a good insulation for a concrete slab, but is not quite as 
efficient as cinder fill, and is more costly. 

A 3 or 4-in. soft clay partition type hollow tile laid end to end, to provide a continuous air 
space, makes an excellent insulation for all types of buildings. Plastic cement should be laid 
at the walls to take care of the expansion. Hollow tile can only be used on sloping roofs as 
it does not provide for drainage. 

A combination of hollow tile and cinder fill probably gives the best insulation that can be 
constructed without the use of cork. It combines the advantages of both the cinder fill and 
the hollow tile, and provides a drainage for the fiat slab. 

A double roof construction on concrete slabs, consisting of the usual slab and a thin auxiliary slab supported 
on a wood frame construction, gives very good results, but is expensive and non-fireproof. 

Hoofing blankets, consisting of felt or heavy tar or building paper placed under roofing material, will give a 
sufficient insulation for buildings used for light manufacturing purposes, warehouses, etc,, where very little moisture 
is present. A blanket of one or two layers of cork 1 in thick gives excellent results but is expensive. Cork in con¬ 
junction with hollow tile gives an insulation that is practically perfect 

1865. Methods of Insulating Roofs on the Inside.—Roofs insulated on the inside 
by means of suspended ceilings give good results for all classes of buildings, paper mills, textile 
mills, power houses, etc. This forms a dead air space which prevents radiation of heat. 
Metal lath is hung below the slab and covered with plaster (1 part hydrated lime, 5 parts 
Portland cement and 12 parts sand, mixed before water is added, and containing long cow 
hair). There is danger of the metal lath rusting and it will not stand a hot fire. 

Gypsum is a fine material to use for slabs where condensation is feared. It requires no 
other insulation and has given good satisfaction on many buildings. 

Asbestos provides another means of insulation and is used in the form of asbestos 
corrugated sheathing and asbestos protected metal. 

When corrugated steel sheets are used in mill buildings, an effective insulation consists of one or twd layers of 
asbestos paper, followed by two layers of building paper, placed tmder tlie corrugated steel sheets, and prevented 
from sag by a wire netting stretched over the steel purlins. This is the simplest form for an inexpensive roof. 

186. Parapet Walls.—Buildings with exterior and division walls of masonry should 
have parapet walls formed by building the walls above the roof, except in detached 
buildings with overhanging eaves where a comice is used. For residence buildings parapet 
walls should be 8 in. thick and extend 2 ft. above the roof for exterior walls and S in. for 
division walls. For public and business buildings they should be 12 in. thick and extend 3 ft. 
^ove the roof. Parapet walls are coped with terra cotta, stone, concrete, or cast iron. Para¬ 
pet walls are a protection against fire (see Art. 209 for details). 

187. Cornices.—Cornices made of sheet metal are often used instead of parapet 
walls. Better architectural effects may thus be obtained and the cornices may be worked in 
With tbs gutter. Brackets of sufficient strength must be provided for the cornices (see Art. 
208 for detaSs). 
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When the designer has determined upon the best roof for abuilding, in the sense of the most 
suitable roof at the least cost) he must also have solved, generally, the problems of getting rid 
of the roof water. A carefully planned roof drainage has much influence on the life of the roof 
and roof covering, and contributes, although to a lesser degree, to the sightliness of the struc¬ 
ture and to the convenience of tenants. 

168. Provisions for Proper Drainage. 

188a. Pitch.—A roof, in order to be watertight, must have sufficient pitch or 
slope to shed the w ater and prevent it from blowing or backing in imder the roofing. With a 
sealed roof covering only enough slope to enable the water to flow off is necessary, but with a 
shingle, tile, corrugated steel, or slate roof more slope must be provided to prevent the water 
from backing up and running into the building at the horizontal laps. The following slopes are 
the minimum that should be used for various roof coverings: wood shingles, 6 in. vertical to 12 
in. horizontal; slate, C in.; tile, 4 to 7 in.; corrugated sheathing, 4 in.; metal flat seams, H 
in; metal standing seams, 8 in.; ready roofing, 1 in.; slag, in,; and gravel in. 

1885. Flashing.—^One of the most important things about a roof is the flashing. 
Flashing may be of Ix tin, 16-oz. copper, 14-oz. zinc, or composition. It should be high enough 
to prevent the water from backing up or flowing over 1 he top (see Fig. 273o). Narrow flashings 




are frequ cntly used with a m istaken idea of econom y, an d always are a source of trouble. Along 
a wall, the flashing should extend 8 to 10 in., or higher if there is danger of the water backing up, 
due to the clogging of roof leaders, causing water pockets. With corrugated sheets, flashing 
is used with one wing corrugated to match the sheets, covered with a two corrugation lap (see 
Fig. 2736). In valleys and around stacks on a sheet metal roof, the flashing should extend in 
12 in. (or more) up the slope (see Fig. 273 c). On the ridge it is customary to use flashing, a 
ridge roU, or a cap. Flashing along high-class brick and stone walls may be counter flashed with 
4-lb. lead extending 1 to 2 in. into the wall, and down to within 1 in. of the roofing. Lead 
wedges should be used in the joints to secure the counter flashing. All seams must be riveted, or 
locked and soldered. With a composition roofing the felt should be turned up the wall, well 
mopped with tar or asphalt, and counter flashed. If there is danger of breaking the felt, a metal 
flashing should be used, extending 12 in. under the felt and sealed to the felt with tar or asphalt. 
For further details in regard to copper flashings, see the booklets of the Copper and Brass 
Research Association, New York. 

188c. Gutters.—Great care must be taken in selecting the type of gutter to be 
used. On flat roofs having projecting eaves a gutter should never be placed at the edge except 
in warm climates where there is no frost. With a roof of this type, the snow will melt on the 
portion of the building that is heated and run down on the colder projection, and form ice. As 
the ice grows thicker the water will back up on the roof and find its way over the flashing and 
under the roofing material. A gutter should be formed behind the wall line by flattening out 
a 84n* single bead eaves trough and bending up the beaded edge in. perpendioular to the 
tocif the remainder laying flat on the roof. This should be placed so that it will drain into 
tnshie leaders. Wherever eaves troughs are used, snow guards should be placed to prevent the 
enow from riiding down the roof and bending or breaking the gutter. In designing gutters, 
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Fig 274 —Gutter of parapet waH, corrugated steel roof Fia 275 —Valley gutter, corrugated ateel roof. 
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Fig 276 —Eaves gutter, plank roof 
composition floormg 
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Fia 277 —Eaves gutter, Fio 278 —Eaves gutter, iinc roof 
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Fio. 270 —Eaves gutter, slate and porous tile roof 


Fig 280 —^Eaves gutter, shingle roof sine lining. 
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Fig. 281 —^Eaves gutter, bonansa tile. 


Fig. 2S2.~-'£avea gutter, concrete roof. 


and for everjr additional 30 ft. of leader q>aeing for flat roofs. Gattera smdQer than 6 in. 
are difBouH fo solder and had better not be used. Outteia have generany a height of 1^ 
t^Doea the bottom diameter. If box gutters are used, they should have an equivalent ares. 
Gotten ahonhldspe 1 in. in 15 ft. 
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188(2. Leaders.—The size of leaders depends on the rate of rainfall and the number 
used. A sufficient size of leader must be provided to keep the roof free from water. The rate of 
rainfall varies greatly in different localities, but provisions for handling a rainfall of 5 in. per hour 

willl do for practically all purposes. A good 
rule is to provide 1 sq. in. of leader area for 
every 150 sq. ft. of roof surface. Leaders 
should be spaced not more than 50 ft. apart for 
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Fia. 283.—Saw-tooth gutter, concrete roof. 




Fig. 284. —Valley gutter, *inc on plank roof. (Note 
expansion methods, depending on slope.) 


Uact 


peaked roofs and not more than 75 ft. apart for flat roofs. The leaders should not be less 
than 4 in. in diameter for main roofs and 3 in. for porch roofs and sheds. Inside leaders should 
be made of extra heavy cast-iron or galvanized 
wrought-iron pipe with a trap wherever they 
open at the roof near dormers, chimneys, and 
ventilating shafts. Outside leaders should be 
made of galvanized iron or copper. All roof 
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Fia. 285.—Zinc gutter, corrugated steel roofing. 
(Note expansion arrangement.) 


Fig. 286.—Flashed parapet (Arrangement for 
leader in stone wall.) 
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connections should be made watertight with copper ferrules. It is well to bear in mind the 
advantage of using the expansion type of outside leader, consisting generally of a sheet, 
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Plo. 287.—Various tjrpea of eaveti troughsi and hangers (from Catalogue Southern Iron Co., St, Zjouia}, 


bent in the form of a square, with an expanding joint, and with the sheet painted with ted 
leed on the before being bent into the leader shape* A durable metal is necessary. 

Since copper la very expendve, idthough also very lasting, a pure iron may be used, galvani^ 
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— for example, the Armco iron. At the leader bosket, strainers should bo placed at a 
leader entrance to keep out leaves and twigs. 

188e. Catch Basins.—Catch basins should be made of copper, 8 in. square, 4 iu. 
deep and with a 4-in. fiange at the roof. The edge should be raised % in. to prevent pitch from 
running in when the last coat is applied. 

188/. Methods of Obtaining Drainage Slopes on Flat Slabs.—Concrete roof slabs 
are generally made level to decrease the cost of the form work. Some means for obtaining the 
necessary slope for drainage must be provided. This is generally done by placing a cinder fill or 
a cinder concrete fill on top of the slab, or by placing a thin slab supported by wood above the 
main slab. The latter method is but little used as it is expensive, and falls in the non-fireproof 
class. A cinder fill is lighter and cheaper tlian a cinder concrete fill. A good grade of steam 
boiler cinders should be used. They should be graded to give the proper slope, should have a 
minimiun thickness of 3 in., and be well tamped and sprinkled. A cement mortar finish, 1 in. 
thick (composition: 1 cement to 3 sand) must be floated on before the cinders dry out. The 
mortar finish must be kept from 1 to 2 in. away from walls, and joints should be filled with 
plastic cement. Cinder fill weighs from 50 to 60 lb. per cu. ft. Cinder concrete fill is similar 
to cinder fill, the difference being that 1 part of cement is added to 8 parts of cinders and the 
finish is made ^ in. thick instead of the 1 in. for the cinder fill. 

189. Drainage Schemes.—In order to get the best service from a drainage scheme it is 
necessary to consider usefulness, durability, materials, workmanship, and fitness. 

189a. Usefulness.—The water must be drained from the roof as quickly as 
possible, and at the ground level it must be provided with a suitable drain to run it to the sewer, 
street gutter, or to the rain water cistern, far enough from the building to be sure that it will 
not find its way into the cellar. The rain water cistern is a large hole in the ground, lined with 
stone or brick laid in cement mortar, and filled with graded stone. In the smaller cisterns the 
lining is often omitted. When the lined type is used, the water is available for the tenants for 
household use; with the unlined variety the object is to make the water seep into the subsoil. 
The slope of the roof gutter must not be too steep as tliis will cause a rapid current, causing 
backing-up of water, overflow, and abrasion of the gutter surface, which is most objectionable 
with rooflngs with a sanded or pebbled surface. Where open valley gutters shed a stream on a 
lower roof surface, the latter must be protected against abrasion and leakage by properly 
distributing the flow through a spreader, which discharges on a specially reinforced roofing 
surface. The better way is to carry such masses of water in their own leaders direct to cateb- 
basin, and terminate such leaders so as to throw the flow of water in the direction wanted, and 
avoid the possibility of water rushing up imder flashings. 

In buildings with overhanging eaves the water is frequently allowed to drip on the ground. 
When such a building, which may be used for a mill or a factory, has a series of transverse saw¬ 
tooth skylights, with their gutters shedding water on the main roof a little distance below, the 
water will pour over the eaves in a mass just where it leaves the transverse gutter, or very near 
this point. This condition seriously interferes with opening windows below, especially when 
the windows turn on a horizontal pivot, and the roof overhang is small, as in that case the 
water pours directly on the inclined window surface. Such conditions can be avoided, in part, 
by a large eaves overhang, and better yet, by a parapet wall and inside eaves gutter. This 
latter method also avoids the annoyance of eaves water coming down on entrance stairs, into 
material bins, or on other articles placed close to the building wall. 

Where the bufifUnss have several roof levels, and the lower roofs drain into the main leader from hish levela, 
it beoomee neeeeaary to provide a trap at the junction of the main leader and low-roof leader. If this Is not done, 
the water nisbing down from the high roof will sometimes back up on the low roof, especially If the low-roof leader 
ie ehort and a large amount of water is passing down the main roof leader. l>aring heavy thunder showers it bee 
been noticed that when this precaution is not taken the water around the low-roof eattdibasin will apout up several 
Iset In the sir and Hood the low roof. 

Whenever the roof water is carried to the ground by leaders, provisioin must be made to drain the water away 
Wten Ute b«Mldhig lor reeaons of sanitation, sightliness and life of foundation walls. Where sterm eewers are not 
nltelMlih jafl tho bunding Ike lower than the street, a fin water eisiem ehcWl be ^ at a diatanca kom iin 
te^i tbnn hO It . The subsoil drain should be plated w«8 under the frost bnt and have a of aboht 
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Tb» gmtest demand on the roof drainage eystem ooours during a heavy rain etorm of thort duration* lay for 
A or 10 minutes, during wnion time the rain may amount to 1 in. although such downpour s^dom oecurs. This 
shows the necessity of inspecting the drainage at least twice a year, spring and autumn, to remove rubbish and 
repair damage done by ice and rust. 

1896. Durability.—Inspection^ mentioned above, is necessary for durability. 
Metal work may require painting or soldering or even renewal, fastenings of the metal to roof 
or walls may have worked loose and strainers may need to be renewed. Tar and felt roofing 
may need to be coated with tar or asphalt to fill cracks and to soften the entire surface. Sand, 
pebbles, leaves, and twigs should be removed, leaders Hushed, and subsoil pipe looked after. 
It is important to attend to these things so as to avoid rot and decay setting in along the eaves 
and walls where the damage is not always seen until it assumes proportions calling for expensive 
repairs. 

189c. Materials and Workmanship.—Materials and workmanship should be of 
the best. If iron is used, the pure varieties should be secured which in the end are more econo*' 
mical than ordinary grades. Although black painted iron does very well for steep roof material, 
it does not measure up for gutters, leaders, and other parts where the water remains much longer; 
here the iron must be tinned or galvanized. If zinc or copper is used, painting n^y not be 
necessary except for securing a harmonious tint. For leaders, in all localities that have frost, 
the corrugated or expansion type should be used. When gutters are built up of tarred felts, all 
sharp bends should be avoided and sharp comers filled with wooden or mortar fillets, of large 
radius, so that the felt may have a secure base and support. Lead, copper, zinc, galvanized 
iron, and tinned iron have lasting qualities in the order given. 

189d. Fitness.—With buildings of the better class, the eaves gutters may be 
incorporated with the cornice and made quite ornate. Leaders must look well and be placed 
as much out of the way as possible, in the first place for appearances, and in the second place 
to avoid mechanical damage from the ground level up to say 4 ft. above the ground. For the 
lower 4 ft* double strength cast-iron pipe should be used, which will stand the impact of iron ash 
cans, etc., taken out of all residences once or more during the week. Where leaders are so 
located that repairs are costly, the most durable materials must be used. Where there are no 
eaves gutters, as on the simpler types of sheds, or manufacturing buildings, there must never¬ 
theless be short sections of eaves trough placed over main entrance stairs to pre\ent drip and 
ice formation on the steps. Piazza roofs should have gutters that will drain readily, preferably 
having the high level over the main entrance steps. In the case of small piazza gutters, almost 
level, an overflow is often found directly over the main entrance steps due to a settling in the 
shallow piazza foundations. 


SKYLIGHTS AND VENTILATORS 
Bt John S. Brannb 

190. Skylights and Ventilators in General.—For buildings occupying large areas, it is 
often impossible to provide sufficient daylight for the interior by means of windows in the 
exterior walls. In large buildings several stories high, light courts are introduced, and in smaller 
buildings where this can be done, light shafts are used, the daylight coming through a skylight 
placed above the roof level where it is diffused into the interior of the building by windows in 
the sides of the lightshaft. 

Tn aU large private and public buildings the roof has one or more skylights which give 
li|^t ib the upper story, and sometimeB so arranged as to help the illumination all the way down 
in buildings of moderate height. In such cases the skylight is often very large and is placed 
OW an open light well which is guarded by a railing, and contains the main stairway* 

1^ epenitory hilildings requiring an exceptional amount of light, as greenhouses and horri* 
btrildingp, the entire roof is made of glass. In one story shop and factory buildings^ 
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train sheds, etc., daylight is provided for the interior by one of the following methods of provid* 
ing a glass surface: 

1. Light through glass placed in the plane of the roof. 

а. Glass tile. 

б. Glass inserts in concrete tile. 

c. Glass inserts in concrete slab. 

d. Corrugated glass sheets. 

e. Flat glass skylights. 

/. Translucent fabric* taking the place of glass 

2. Light through glased surfaces not in the plane of the roof 

o. Common bos skylights. 

h. Longitudinal monitors. 

t. Transverse monitors. 

d. Saw-tooth construction. 

In planning for light, the designer at the same time must keep ventilation in mind, because 
most special skylight devices placed above the plane of the main roof surface are also well 
adapted for securing ventilation. A glazed surface may be made wholly or in part movable. 
The vertical (or nearly vertical) sides of monitor and saw-tooth roofs may be made part glass 
and part louvres. Louvres may also be provided on the vertical sides of box skylights. 

The designer must gather all the knowledge available as to light requirements, based on 
the occupation of the tenants of the building, and on the more or less favorable location of his 
building as regards height and location of surrounding structures. 

The necessity of the best available light and ventilation for the efficiency of all the workers, 
of whatever grade and responsibility, is now a well known economic fact, taken into account 
by every employer of labor. The nearer the glazed surface approaches the working floor, the 
better the light; but if too near, the heat rays in summer will be very uncomfortable. 

North light is the best as there are no direct sun rays. Where direct sunlight will strike 
the glazed surface of the skylight, glass must be selected that will diffuse the sunlight; that is, 
scatter or break the direct rays so as to reach the condition of light without glare. Such glass 
is ribbed or contains small piisms, of various styles as to depth and spacing of ribs and prisms. 
When there is no objection to the loss of a little light, rough glass is used. The ribbed and 
prismatic types gather dirt very quickly, an^ require frequent cleaning; rough glass to a lesser 
degree. When the glass is placed, due consideration must be given as to which side is most 
accessible to the window cleaner, the inside or outside face. 

The amotmt of glass required for mill and factory buildings depends entirely on occupation 
of tenants or workers, and no general rule can be given. 30% of the side walls used for windows 
is often found, and again the entire side wall may be glass except for the space occupied by vrall 
pilasters. 

The roof light must be studied with regard to location of machinery or desks, etc., and also 
from the standpoint of possible leaks, and breakage of glass. Care must be taken in placing 
skylights so as not to place them too near valleys or other depressions which may cause snow to 
cover them. 

It costs more, of course, to heat buildings with large glass surfaces during the winter 
months; but it should also be remembered that there is a saving of artificial light all the year 
around. 

As regards fire protection, the following is taken from the 1909 code of the National Board 
of Fife Underwriters, p. 103: 

AH openins* in roof for tho admission of light, other than elsewhere provided in this code, over elevator, stair, 
dumb waiter slialts, and theatre stage roofs, shall have metal frames and sash, glased with wired glass not less than 
in. thiek» or with glass proieoted above and below with wire screens, of not less than No. 12 galvanised wire, and 
not more than 1 in. mesh. 

ccmMmt use of wire glass in a building may save as much as 10% on the fire insurance. 
Jm $!(l large 4wel]ing8, and in many small ones, and in all public buildings, means are pro¬ 
vided I# off foul air by ventilating shafts or ducts placed in the walls. Those in the 

^ a ^ 
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walls are carried up to the top of the parapet or higher. When ventilating shafts are used^ they 
are sometimes made large and provide light for interior rooms. Such shafts must be firepmof 
and be carried not less than 2 ft. above the roof when covered with ventilating skylight, nor less 
than 3 ft. above the roof when open, terminating in a tile or cement coping. 

Machine shops, factories, shops, manufacturing establishments of the many types found 
often provide ventilation through the vertical sides of box skylights, through round metal venti¬ 
lators placed along the ridge, or through the vertical or slightly inclined sides of monitors and 
saw-tooth roofs. 

191. Notes on Glass.—Glass used in skylights of all kinds may be plain or reinforced; the 
latter type lias wire mesh imbedded in it. This wire mesh may be placed between two plates 
of glass which are then rolled together; or rolled into one plate of glass. The first type is made 
by the “sandwich process”; the second by the “solid process,” also called the “Pennsylvania 
continuous process.” The “solid process” produces & stronger glass. 

Single-strength glass is Yi 2 in. thick, and double-strength glass is in. thick. 

For further information regarding the kinds, thicknesses, weights, and dimensions of glass, 
see VoL II, Sec. 7, Arts. 180 to 195 inclusive. 


The ribbed variety diffuses light well; the factrolite variety has a still greater diffusion and creates a very uni¬ 
form light. The “Aquaduot” glass is a ribbed glass with deep and narrow grooves. The manufacturers claim 
that tbe capillary attraction will retain and carry off condensation at a slope as low as 10 deg. with the horisontal. 
Plain glass or wire glass, sandblasted to give it a frosted appearance, is sometimes used for skyligtits. 

Stock siaea of wire glass run from 14 to 40 in. w'idc and from 50 to 100 in. long. The unsupported width 
should not exceed 24 in. If ribbed glass is used, the ribs should run parallel to the slope, or stand vertical for 
side windows. When windows are double glazed, place the ribbed surfaces toward each other and cross them. 

In vertical or slightly inclined windows, with small danger of breakage, double- or single-strength glass may be 
used if not interfering with fire-protection policy. 


192. Skylights in Plane of Roof. 

192a. Glass Tile.—Glass tiles are often used on roofs in conjunction with clay 
tiles and are made of the shape and size of the clay tile so as to match laps, thus requiring no 
further attention than laying them as decided by the designer (see Fig. 288). 

Sometimes they are laid in large units, forming several large roof lights, or 
in rows extending the length or part of the length of the building; more 
rarely scattered all over with the clay tile. The most economical way is prob¬ 
ably to lay them in large units or long rows so as not to be constantly 
watching a certain pattern or design scattered all over the roof. 

1926. Glass Inserts in Concrete Tile.—Glass inserts are used 
to some extent in concrete tile and are very efficient. The interlocking 





Fxa. 288.—Imperial tile with glass tile. 
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Pia. 289.—Rein- 
foroed cement tile 
with glass inserts. 


*^Bonazusa” tile, size to weather 24 x 48 in., has ribbed wire glass inserts, 14 x 26 in. (see 
Fig. 289). The tile with inserts may be laid in continuous rows or arranged to meet special con* 
ditions. The glass is laid into the form when the concrete is poured, and the finished tile is 
shipped to the building site like the all-concrete tile. 

192c. Glass Inserts in Concrete Slabs.—Glass inserts to be used in concrete 
slabs oome in sizes from 6 to in. square, and from 1 to IJi in. thick, light concrete ribs, 
reinforced, are poured between the inserts (see Fig. 290). The ''units”, made many small 
inaerts, can be made in sizes to suit the beam or girder spacing, or purlin spacing, and each 
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unit is surrounded by a border of concrete. For tightness and to take up expansion and con¬ 
traction) the units are separated by a thin joint of oakum packing covered with elastic cement. 

, 192d. Corrugated Glass Sheets,—Cor- 

rugated glass sheets are 26 in. wide, 66 in. long, and 
H [ ^ ^*1;: thick, and have standard 2>^-in. corrugations 

P- They are used with corrugated 

steel, corrugated asbestos, protected corrugated steel. 
•'** comigations diffuse the light and heat rays, 

h*.'- V preventing glare, and the manufacturers claim that a 

. j building covered with this glass is no warmer in 

summer than the same building would !)e if covered 
\ ^ with corrugated steel sheets. 

^ 192c. Flat Glass SkyUghts.—Flat glass 

\ " skylights are often used in the plane of the roof but 

unless there is su fficient slope of roof to shed the snow 
as it falls, the light will be shut off and the purpose of 
the skylight defeated. These skylights must be par- 
Pio. ticularly weU flashed, to prevent leaks. Flat sky- 

lights should at least have a slope of 2 in. per foot. 
192/, Translucent Fabric.—Translucent fabric is manufactured by dipping a 
wire mesh into an oil composition which hardens into an amber colored, translucent sheet. 


IL 


''Cdncrg^ 


Pio. 290.—Glass insorts in conoreto slab— 
Kcppler type. 




Arrfi Pluvius Londons Improved Multiunit 

Fxo. 201.—^Skylight bars. 


It jjs well adapted to buildings where the vibrations of running machinery are so great as to break 
C^ass# ddso it may wdl be considered in^looations where the foundations are apttosettlsi as 
in fiBe^gn^d, throwing purlins out of'line, and sti^ TWs&brfe 
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withetandB ordinary heat, but when exposed to fire bums readily. The fabric softens a little 
when exposed to very high temperatures. It collects some dirt which should be washed off. 

198. Skylights Not in Plane of Roof. 

198a. Common Box Skylights.—Common box skylights are better than the 
flat ones on account of the greater ease of thorough flashing up along the high curb to prevent 
leakage. The top may be of the same slope as the roof, or may be arranged with a ridge to 
cause the snow to slide off. One advantage of the high curb is the possibility of arranging 
ventilating louvres all around the curb. When the slope of glass top is made 7 to 8 in, per foot, 
the snow will slide off. 

• 1936. Longitudinal Monitors.—The object of longitudinal monitors is to provide 

light as well as ventilation. For the right amount of light in a mill building, shop, or factory, 
no set rules can be 
given, but each class 
of building must be 
considered by itself. 

In a general way, for 
buildings with a 
height to eaves of 16 
to 20 ft., with ample 
side windows, say 
about 30 % of wall 
surface, no monitor is 
required when the 
width of building is 
not over 40 ft. This 

refers to shops where the work is done principally along the walls, and the central portion of 
building is used for an aisle. When the width becomes greater, the monitor is placed along 
the ridge of roof, and is made about of the width between walls. 





The monitor roof is made of the same roofing material as the main roof; the monitor sides are glased; and the 
sash is either wholly or in part movable. A wide monitor having its ndge in the same vertical plane as that of the 
main roof, does not ventilate efficiently under all circumstances, and under such conditions there should be a series 
of round sheet metal or asbestos ventilators placed along the monitor ndge. 

To overoome this condition an inverted monitor type has been placed on the market, with its valley gutter in 
the center and discharging hot air, smoke, fumes, and diwt very efficiently to the highest parts of monitor and 
out through louvres or movable sash (see Fig. 202). 

The monitor roof may be made of glass, if slope is made sufficiently steep to shed snow; and the higher part can 
be made to swing up for ventilation. 






/ouvigrmr\ 
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198c. Transverse Monitors.—Transverse monitors (Fig. 293) are most adapted 
for flat roofs, or for roofs with a slight slope. If used for steep roofs, the sash along the sidtis 

becomes irregular and difficult to operate. When 
the slope is slight, they are practical in construc¬ 
tion and look well. These monitors start as near 
the wall as is necessary to get good light, and have 
glazed or louvred sides, the same as the longitudi¬ 
nal monitor. With this type of monitor, there is 
an easy access from one side of building to the 
other, and they should always be set back from 
the building side sufficiently to provide a com¬ 
fortable walk for inspection and cleaning of roof and sash. With a truss spacing of 16 ft. 
^thay should be placed in every third bay, which will place glazed sides about 30 ft. apart. 
This type of monitor avoids the valley gutter which often causes trouble in the saw-tooth 
cozistruction by leaking. 

198d Saw-tooth Construction.—Saw-tooth construction is used to get a very 
etroiig north light. To accomplish this every bay has a saw-tooth, the steep side is glazed and 
the gently sloping side has solid roofing. A very even lighting is thus obtained. 


Fxa, 293.—Transverse monitor. 
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Ventilation is secured by making the upper part of the sash movable (see Fig. 294). Some¬ 
times roimd sheet metal ventilators are placed along the saxv-tooth ridge, and louvres are pro¬ 
vided on the two gable ends. When the glazed (steep) side faces due north, the glass can be 
perfectly clear, if placed vertically or very steep, so that the sun even at noon cannot shine 
through. This steepness, in the northern part of the United States, should be such that the 
angle with the horizontal is not less than 72 deg., and in the southern part, not less than 78 
deg. If the angle is smaller, there will be direct sunlight at noon, and this may necessitate 
ribbed or rough glass. When the glass is inclined, more light comes through. 

The eaw-tooth type of skylight sometimes gives trouble by leaks developing along the valley gutters To 
overcome this trouble the following precautions must be taken: 

(1) The gutter should be made wide, and all sharp corners avoided 
by providing liberal fillets and a perfect bearing surface under the gut¬ 
ter body. A narrow gutter invites the expansive action of ice, banks up 
the snow which accumulates by direct fall and by sliding off the glass, 
and makes it very difficult for window cleaners to stand in it. As the 
gutters are used frequently for thoroughfare across the roof, the gutter 
surface must be protected either by a special wearing surface or by plac¬ 
ing a plank walk along the gutter. This walk must not block the flow of 
water. It is better to spend money for a good wearing surface, as the 
plank rots, and tw'igs and leaves may block the water. 

(2) Flashings on both sides of thr gutter should be made wide, and 
the supports for the gutter strong so that no deflection may set in and 

form water pockets in the gutters. Sometimes much snow and ice form in saw-tooth gutters. If the gutters 
are long, it will be better to use interior down takes which can be brought doan along the columns. 

194. Miscellaneous Notes on Skylights.—Wherever glass is used, some provision has to 
be made for carrying off condensation, such as, small gutters in buildings where machinery or 
product would receive serious injury from water. There are several types of skylight bars on 
the market (see Fig. 291), all aiming to collect and carry off condensation. Unless copper is 
selected, a closed bar section must not be used, as it can not be painted. 

All glaas except expensive plate glass, has an uneven surface and a cushion has to be provided between metal 
sash bars and glass by using putty, cement, asphaltic compounds, or felt. The glass on the better class of modern 
sash b held by copper spring caps covering the joints and fastened to the bars with brass nuts and bolts. 

196. Ventilators.—As described in Art. 193, light and ventilation are often provided 
by the same bulkhead, or skylight, whether this be a small box skylight or a large monitor. 
In the section on ‘‘Heating, Ventilation and Power, ” in Part III, the questions of fresh air 
requirements are fuUy discussed, and it will be seen that they vary according to the uses and 
character of the building. 

Box akylights may be used as ventilators by having high curbs filled with louvres or movable sash, small hinged 
doors, etc. Thu will prove enough where small amounts of air have to be expelled. 

Jjongihidinal monitora of the common or inverted type give excellent ventilation by using louvres, shutters, or 
movable sash along the sides. Louvres sure made of black or galvanized steel or iron, asbestos, or asbestos pro¬ 
tected metal, all according to durability required and care given after placing. Shutters are made of sheet iron or 
steel, black or galvanised. Movable sash b the most useful arrangement, giving both light and ventilation, and 
can be operated in large sections by hand or even driven by small motor. 

Tranvaeraa monitora are used for ventilation just as described for longitudinal monitors. This type has been 
used considerably, as the light dbtribution b very good, and while not so perfect as in the saw-tooth type, yet has 
not the disadvantage of the saw-tooth gutter. 

Saw-Un^ coMtntetion b well adapted to ventilation, on account of its shape, resembling one-half of the inverted 
type monitor. The light, as stated, b abo perfect. The dbadvantages are: a slightly higher cost than common 
transvene monitors, and the gutter. 

Open roof tenHkUion b used largely for rolling milb and smelters where the heat b intense and the air b bur¬ 
dened with smoke, fumes, and gases. The method commonly used b to provide two planes of purlins and by laying 
the lower end of roofing sheets on high purlins and the upper end on low purlins an effect b produced like a large 
louvre laid on the roof slope. The only protection asked here is to keep out to a large extent snow and rain, whence 
the lower ends of each set of sheets overlap upper end of sheets below. In addition to thb, sides of building may 
not have any walb. 

8h$0i fi^oUU mUHatora^ aaheaioa venHlatora, ate *—The use of these has been referred to already. Several types are 
regards msteriab and methe^ of operating (see Fig. 205). 

b taken care of in various wayn. One type b entirely stationary, and relies on the motion of 


on the market, both as 
The^otiobnl^r 
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the outside air against the curved surfaces of the ventilator to suck the air out. Another type allows the upper par 
to move with the wind, so as to draw the air out. A third tsrpe has a rotary cap with spiral blades both on top and 
on the underside of the cap and is either wind propelled or power driven. All ventilators must keep out rain. Some 
have glass tops and admit light. Dampers should be provided, and a type chosen that will prevent back draft. 
Another type of draft regulation is a sliding sleeve, and with this type a glass top is used. This sleeve can be raised 
or lowered by means of a cord running over a pulley. 




Swartwoof’ 
Rotary Top 


Fig. 295.—Types of ventilators. 


WALLS 

By Frederick Johnck 

196. Masonry Walls Below Grade.—Concrete is used perhaps more extensively than any 
other material for walls below grade. The forms are made of 1 or 2-in. lumber reinforced with 
2 or 4-in. scantling as the case may require. Safe allowable bearing pressures on walls for the 
concrete mixtures commonly used are as follows, assuming Portland cement concrete: 

1-2-4 concrete. 350 lb. per sq. in. 

1-3-5 concrete. . 300 lb. per sq. in. 

1-3-6 concrete. 250 lb. per sq. in. 

The common construction is to employ concrete curtain walls 12 in. thick between the 
wall columns and in addition to reinforcing them vertically, to take the earth pressure, to place 
rods near the bottom of the wall so as to make the wall carry itself as a beam from footing to 
footing. 

For buildings of moderate height, stone is often used 
for walls. This is very economical when a local stone can 
be obtained. Stones should be laid with cement or lime 
and cement mortar, carefuly bedded in a full bed of mortar 
and worked around until a full solid bearing is obtained. 

The use of brick for exterior walls below grade is gradu¬ 
ally becoming less on account of the additional cost over 
that of a concrete wall. Brick used for walls are hard- 
burned common brick, laid up in lime and cement mortar. 

Brick walls should not be less than 12 in. thick. 

In small residence construction, a hollow, vitrified, 
salt glased tile has come into use for basement walls. 

These tile are 8 in. wide 16in. long and 8 in. thick,and are laid with broken joints like stone 
ashlar. Special tile laid vertically are used for comers. If they can be obtained at the local 
yard, they are more economical than brick or concrete. 

The queetion of waterproofing walla below grade against moisture and dampness is a very important one. A 
deeeription of the various methods is given in Sect. 5, Art. 29. 

It the walls below grade form the sides of rooms that are to be decorated, an inner tile wall should be built, 
leaving an air apace between that and the outer wall, ae shown in Fig. 296. At the bottom of this space a gutter 
should be formed intohed to drain, so as to carry off any moisture that might pass through the outer wall. In 
erteting these tile walls the lower two courses of the tile should be laid on an asphalt bed to prevent moieture 
paAiInt tip by ctpinery gttmetion and caueing the tile to disintegrate. 
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197. Masonry Walls Above Grade. 

197a. Concrete Walls.—The use of solid concrete for walls above grade is not 
generally considered advisable on account of the cost of form work, the tendency of concrete to 
absorb moisture and cause damp walls on the inside, and also on account of the difiiculty of 
treating them in an architectural manner. To overcome these objections many forms and 
shapes of hollow cement blocks have been made. These are usually laid up like cut stone. 

1976. Brick Walls.—The use of brick for walls above grade is considered the 
best and most economical for masonry walls. On street fronts and on exposed sides where an 
architectural effect is desired, the exterior surface of the wall should be faced with a pressed 
brick. In residence, church, or other work where large wall surfaces can be treated, a variety 
of effects can be secured by the use of tapestry brick, pavers, and bricks var 3 dng in shade; also 
by using color in the mortar for the joints. Other effects may be produced by laying the brick 
in various bonds, such as the Cross Bond, Flemish Bond, etc., as shown in Figs. 297, 298, 
299, and 300, also by laying alternate courses of wide and narrow brick as shown in Fig. 301. 
When this is done the narrow course should be a darker brick. Effects can also be secured by using 
full, raked, pointed, and tool joints as shown in Fig. 302. In raking out a joint it is customary 
to rake the horizontal joints only. Brick work is also sometimes laid up with very wide joints 
and gravel used in the mortar, as shown in Fig. 303. When this is done, wood blocks or metal 
clips must be set in to prevent the load from crushing out the mortar as the work progresses. 



Pio 297 —Cammon bond Fro 298 —^English bond. Fia 299 —Flemish bond. 



Fig 302—Joints in brick work Fig 303—Brick laid in wide gravel mortar joints. 

A great deal of care and judgment should be used in the selection of brick for the purpose intended. For 
nstanoe, in a locality that is free from smoke and soot, a buck with varying shades can be used effectively; while in 
dirty, smoky places it is better to use a paver or some smooih-faced brick that the rain will wash. Again, in courts 
or in alleys a white enamel brick is desirable to reflect light into the building. White enamel beick should always 
be laid with a very narrow full joint. The advantage of this brick is that it can be washed when it becomes dirty. 
Enamel brick should be burnt in one fire so as to make the chemical change in the body and the glace simultaneous. 
In the dry process where the brick is first burned and the enamel is applied and then fired again, the bond is weak 
and a pulling or chipping the enamel occurs. Enamel brick are best cleaned with an alkaline solution, such as 
caustic soda or sodium carbonate. This cleans the enamel and does not effect the cement or lime mortar in the 
joints* 

Pier Conebrutiion ,—Smee the introduction the iA:eleton type of oonstraotion ebd ftleo 
in pier type of building, the elevations are often designed to pr^uoe a GoUdeeSect, which 

aanaiufUlhannwtoexpnnthistypeaeauAroetion. In doing thktlisbifaatrorictbi^^ 

* 
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closely the form of the column, and the spandrels or spaces between the columns are treated 
either in plain brick or in pattern brick panels. In this type of wall construction the use of 
steel shelf angles on the columns at the floor levels is recommended (see Fig. 304). This not 
alone prevents wall cracks but on large work enables the builders to run two crews of brick 
layers, one at the bottom and one half way up on the structure. In this construction of the 
spandrel a steel angle is necessary on which to carry the face brick. This angle can be left 
exposed on the bottom in slow burning and mill buildings, as shown in Fig. 305, but should be 
covered with a fireproof material in fireproof buildings (see Fig. 306). 

Corbels and Ledges. —In slow-burning and mill constructed buildings, and often in ordinary 
construction, it is well to corbel out and form ledges to support the joist or floor construction. 
This not alone allow sthe joist to fall out without tearing down the wall in case of a fire, but also 
prevents smoke and small fires from traveling into the next story above by passing between the 
wall and the floor construction. G)rbels and ledges should project at least 4 in. out from the 
face of the wall as shown in Fig. 307. 


Ijmof 



linecftrkhtork-' 

Fla. 304.—Detail showing self angle Fia. 305 -^-Spandrel Pio. 806.—Spandrel 


on concrete column. 


details. 


detail for terra cotta 
lintel. 
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Fxa. 307. 


Erection of Brick Walls. —In the erection of masonry walls, no wall should at any time be 
carried up more than two stories above another wall of the same building on account of tha 
danger of an uneven loading on the building foundations, the lack of a continuous bond around 
the entire structure and also the danger of a heavy wind storm throwing the wall out of line. 

Bond in Brick Walls. —In laying common brick in walls, every fifth course should be laid 
as a header to form a proper tie through the wall. In face brick two headers and a stretcher or 
their equivalent should be laid in every sixth course to form a proper bond between the face 
brick and the common brick. 

Brick Sills. —Bricks are often used for window sills in brick walls in place of stone or other 
material, in order to produce the desired architectural effect and sometimes to save time and 
money. Brick used for sills should be vitrified brick laid in cement mortar and laid as a header 
course. 

Parapet Walls. —Parapet walls should be erected around all flat roof buildings as a fire stop 
to prevent fires from traveling from one roof to another; also to prevent water from the snow 
from running down and ruining the building walls and from falling down on people passing on 
the walks below. Parapet walls should be at least 18 in. high on the street fronts, and 36 in. 
high on the lot line and for dividing walls, It is a good practice to face the inside of all 
walls with a vitrified brick to prevent disintegration from moisture absorbed from the snow, which 
lies banked against it during the winter months. Sections through parapet walls are illus¬ 
trated in the chapter on ‘^Cornices and Parapet Walls.” 

Mortar fw Brick Walls. —Mortar to be used for brick walls is usually determined by the 
load to be carried. 

Stress AUosoed on Brick Work. —The follwing table taken from the Chicago Building Ofdi* 
nance gives the safe load per square inch allowed on brick work: 


PaviiMI biiok-<-l part Portland cement to 3 parte eand. 350 lb. per eq. In. 

Preeted biiek—1 part PorUaad cement to 3 parte eand. 250 lb. per eq. to. 

Hard eommem eelect**-! part Portland cement to 3 parte eand... 200 lb. per eq. in. 

Common briok-~AU gradea-^Portland cement mortar.... 175 Ib. per eq. in. 

Good Ume and cement mortar. 125 lb. per eq. in. 

Good lime mortar... 100 lb. per eq. in. 
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W^hi cjf Brieh Work in Common Brick WaU$: 

Wn. brick wall.83 lb. per eq. ft. 

13-m. brick wall.120 lb. per sq. ft. 

17-in. brick wall.160 lb. per sq. ft. 

214n. brick wall ........ 195 lb. per sq. ft. 

WaU Thicknesses ,—Although wall thicknesses for brick walls are determined by the safe 
stress allowed per square inch on the brick work, yet, from common practice, certain, safe, 
definite rules have been fixed upon. The table and rules given below do not recognize enclosing 
walls less than 12 in. thick. Walls 8 in. thick have been erected and have stood up for a number 
of years, but it is not recommended that they be used in general practice. 


Table Showing Wall Thicknesses in Inches for Enclosing Brick Walis 



Bsmt. 

1 

1 

1 2 

1 

1 - 

1 3 

1 

4 

5 

I 

! ^ 

1 

1 

1 8 

One story. 

12 






1 

1 



Two story. 

16 

12 

12 







Three story. 

16 

16 

12 

12 






Four story. 

20 

20 

16 1 

1 16 

12 





Five story. 

24 

20 

20 

16 

16 

16 




Six story. 

24 

20 

20 

20 

16 

16 

16 



Seven story. 

24 

20 

20 

20 

20 

16 

16 

16 


Eight story. 

24 

24 1 

1 

1 

24 

1 

20 

20 

20 

16 

16 

16 


Walla leas than 50 ft. long can be built 4 in. 1 cm in thickness than called for by the abo\e table, except that m 
no case should brick walla be built less than 12 in. thick. Brick walls in elevator or stair shafts need not exceed 
16 in. in thickness nor its upper 50 ft. exceed 12 in. in thickness. Where masonry buttresses or piers or pilasters 
occur, walls may be reduced in thickness by one-half of the projection of the buttress or pier, but no wall should be 
reduced to less than 12 in. in thickness and no 12-in. wall should be less than 30 ft., and no 16-in. wall higher than 
50 ft. Buttresses or piers should be at least H o ns wide as the space between them. Buttresses and piers and 
pilasters should be so placed as to receive the principal girders and trusses. 

197c. Brick Walls Faced with Ashlar.—In the case of brick walls faced with 
stone, granite, terra cotta, or other ashlar, this facing should be considered as part of the wall 
for the purpose of carrying weight, unless every second course is a bond course extending 
back into the wall a distance of at least 8 in. In addition to this it is well to tie each piece of 
ashlar back with two galvanized iron anchors. No ashlar should be less than 4 in. in thickness, 
nor should the height of any piece of ashlar be more than 20 in. As a general rule the brick 



Fzo. 308.—Couned ashlar with Fxa. 300.—Coursed ashlar with Fxa. 310.—Coursed ashlar 

same sise blocks. wide and narrow courses. with header blocks. 

backing for ashlar should be laid in a cement, or lime and cement, mortar. Where terra 
cotta is used for ashlar, it is made as a hollow block formed with inside webs to gain strength 
and prevent warping while it is being burned. The hollow space in terra cotta ashlar also 
allows an opportunity for the brick to form a bond by extending into these sp&cee. 

Ashlar JoirOin ^.—Of the many ways of jointing granite, stone, or terra cotta ashlar, the 
ooursed ashlar as shown in Fig. 308 is perhaps the cheapest and most common, as the blocks 
can be made or quarried all of the same sise* Another form of eovrsed oMxr is shown in Fig. 
309. this method the coutses alternate with a wide and narrow course. This can also be 
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varied by the use of a small header course as illustrated in Fig, 310, When a stone of uniform 
size cannot be obtained from the local quarry or when it is necessary to produce a varied or 
more interested form of jointing, what is known as broken aehlar is used. This form costs 
more and also requires more time to lay. It is made up of 4, 6, 8, 10, 12 and 14-m. pieces, 
as shown in Fig. 311, or in 4, 8, and 12-in pieces, as shown in Fig. 312. Another form of asnlar 
often used is what is known as random coursed ashlar, shown in Fig. 313. In this type the 
joints A, B, and C carry through in a straight line. 

Ashlar Finish for Stone Work. —Perhaps the first step in stone work finish is the rock face 
(Fig. 314), the face of the stone being left rough as it came from the quarry. Next comes the 
rock face with the margin line finished with a chisel (Fig. 314). Then the stone is given the 
*iroached finish (Fig. 314)—that is, the surface is dressed level and continuous grooves are left 
in it; this might be called the first step toward the tooled finish. The tooled finish is done with 



Fig. 311.—Ilrokon ashlar madt* up of 
4-0-S-10-12- and 1 t-in piooes 


Fia. 312.—Broken ashlar made 
up of 4-8-12-in pieces. 


Fig. 313.—Random 
coursed ashlar. 



Rook face 


Rook face with Broached with 

tooled luarffin tooh^d margin 

Fig 314 


Rough pointed with Fine pointed with 
dressed margin. dressed margin. 
Fio. 315. 



Fxo. 316.—Drove. Crandallod. Patent-hammered. Pig. 318.—Bush- Fig. 319.—Tooled 

Fra 317. hammered. face, 6 to 10 out. 


a wide flat chisel. This is a very common finish for sandstone and limestone. Tooling is done 
in 6, 8, or 10 cut, measuring 6, 8, or 10 grooves to the inch. For finer work than the tooled sur¬ 
face a rubbed finish is used. This is done by taking a stone when first sawed and placing it on 
a revolving bed, then rubbing the face with a soft stone, water, and sand. 

Other forms of surface finish for stone ashlar are rough pointed (Fig. 316), fine pointed (Fig. 
315), drove work (Fig. 316), crandalled (Fig. 317), patent hammered (Fig. 317), bush 
hammered (Fig. 318), etc. 

Ashlar Finish for Concrete Blocks, —As concrete blocks are a cast product, they can have the 
face finished in almost any of the surface finishes used for stone work. Herein is one of the 
great objections to cast concrete as ashlar. In stone work an individuality and interest in the 
wall surface comes in that no two stones are alike, while in concrete each piece is like its neighbor 
making a rather monotonous effect. 

Finieh on Terra Cotta Ashlar, —In the making of terra cotta, a variety of finishes can be had 
in the surface itself and also in the glaze and color. At first terra cotta was only made in one 
color, which was the natural red color of the burnt clay; now it can be secured in almost any 
color or combination of colors and effects that may be desired. 

Painting of Ashlar Work, —When stone or granite is used for ashlar or for trimmings, it 
should be painted on the back and on the edges to within 1 in, of the face with a black watei^ 
proof paint to prevent discoloration from cement and moisture. 
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Brick WaU$ Faced with Cement Blocke.-^hi addition to the use of stone, granite, or terra cotta 
for ashlar, a cast cement block in imitation of stone is also often used. It has the advantage 
over stone in that molded and ornamented pieces can be produced at a less expense than the 
same work could be cut in stone. It does not, however, make as interesting a wall from an 
architectural standpoint as stone, granite, or terra cotta. 

197d. Damp Proofing of Wails.—All masonry walls above grade that are to be 
plastered on the inside should be given a coat of damp proofing, so that the moisture will not 
come through and stain the plaster. This precaution is not so necessary if the walls are to be 
furred and lathed on the inside before being plastered. 

197e. Furring.—Furring for interior walls to be plastered can be done by 
% X 2-in. wood furring strips set vertically to which the wood lath are nailed to receive the 
plaster; or by a 2-in. tile furring scored for plaster; or by V-shaped metal furring to which the 
metal lath are wired. 

197/. Brick and Tile Walls.—In late years walls have been erected in residences 
and country clubs made of hollow burnt clay tile with a brick veneer facing. This gives a light 
wall with an air space and an inside surface that can be plastered on direct. In this type 
of construction a narrow course of tile should be used about every third course so as to 
permit the brick to enter tnto the wall and form a bond. 

197^. Tile and Plaster Walls.—Perhaps one of the cheapest masonry walls that 
can be built for small buildings is a tile wall plastered. The tile should be scored both sides so 
that both the exterior and interior plaster will form a good bond. Buildings of this type, two 
stories or more in height, should be erected in the skeleton form of construction so that the tile 
will be used only as a filler. Tile for such walls should be at least 12 in. thick and laid ver¬ 
tically so as to develop its full strength. Lintels over windows and door openings can be 
formed by means of tile arches, or the tile work can be carried on steel lintel angles. A variety 
of effects in color and texture can be obtained in the plastering of the outside walls. Tile in 
walls to be plastered should be laid with broken joints similar to brick work so as to avoid 
long vertical cracks forming in the plaster. If the wall is to have box frame windows, care 
must be taken to secure special tile shapes to receive the weight box and also to form a 1-in. 
wind break at the head of the openings. The inside trim can be secured by nailing into the 
joints between the tile. 

197A. Frame Walls.—The most common form of wall throughout this country 
is the wood frame wall constructed with 2-in. studs, sheathing, and clapboard or shingles, and 
plastered on the inside. The studs are 2 X 4,2 X 6 , or 2 X 8 in., depending upon their length and 



Fm. S90.—^l>«taU fthowinjE studs rotting Pro. 82t.—Detail showing studs 

on plate on top of joist. resting on wall {date. 

the load to be carried. These studs are spaced either 12 or 16 in. on centers which is determined 
by the length of the lath. On the outside of the studs is nailed the sheathing which is % in. 
tU(k, matched and dressed on one side; then a layer of paper is put on; and finally the clap-* 
boards or shingles. On the inside are the lath and over this the plaster. A 2dii« plate, the 
width of the studs, is nailed to the top to provide bearing for the rafters. At the bottcnn a 
ifiate int requtied on top of the joist to forsaa bearing for the studs (see F%;. 320)* 6oi|ietiii|csSv 
hoiravei^ the i^ds are extmided down to the riU under the }oist as shown in Fig* 32L 

t4 4^ ' 
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Dev«i« 



Diding 


Drop 5iding 


Fia. 322. 


Studding ,—Formerly a great deal of pine was used for studding, but owing to the scarcity 
and high cost of pine, hemlock and spruce have taken its place. Material used for studding 
should be clear and free from shakes and large knots. 

jSAsaf^in^.'-^heathing is now made entirely from hemlock or spruce. Sheathing should 
be nailed to each stud with two eight penny nails. To give additional bracing to the house, 
sheathing is very often nailed on diagonally. 

Building Paper ,—The use of building paper between the sheathing and the clapboards 
or shingles is very desirable as the wood in the wall shrinks which forms cracks through which 
the wind finds its way. Building or sheathing paper should be tough, elastic, and impene¬ 
trable to moisture or air. A tar paper is not recommended as the oil in the paper soon evapo¬ 
rates and leaves the paper very brittle and soft. Paper is usually put on horizontally with at 
least a 2 or 3 -in. lap. If additional protection is required, a sheathing quilt can be used. This 
is somewhat more expensive. 

Clapboard or Siding .—Siding is usually of two kinds—^beveled and drop siding (see Fig. 
322). Drop siding is often molded as shown. As beveled siding is cut with a saw from the 
circumference to the center it is a quarter-sawed piece of 
lumber and hence shrinks very little after it is in use. Drop 
siding is a plain sawed material and hence will shrink. The 
most durable material for siding or clapboard is cypress or red¬ 
wood. Soft pine has been used a great deal but owing to the 
scarcity of the material it has gone almdst out of use. Clear 
spruce is also used, but it is not so good as pine or cypress. 

Siding is sometimes nailed directly to the stud without a 
sheathing, but this is not desiiablc as it does not give the build¬ 
ing secure enough bracing nor does it make it warm enough in the winter. A priming coat of 
paint should always be given the siding as soon as it is finished, as this will keep the sun from 
warping it and in a measure prevent shrinkage. 

Wall Shingles .—Shingles are often used on vertical exterior walls, sometimes as a matter 
of economy but generally to produce an architectural effect. Shingles make a warmer wall 
covering than siding as they are three thicknesses, while siding is only one. Shingles on wall 
surfaces are laid the same as for roof surfaces. Shingles should always be dipped in creosote 
stain before they are used. To produce a rustic effect a long hand-made shingle called a shake 
is used. These can only be obtained in certain localities. 

197i Wood and Plaster Walls.—In wood and plaster walls the studs, sheathing, 
and paper are used the same as above described for frame walls. The walls are then prepared 
for plastering by the use of furring and lath. If wood furring strips are used, they are generally 
made of % X 2-in. material, 12 or 16 in. on centers, and nailed on vertically. The wood lath 
are nailed over this furring, the same as for interior plastering, and then the surface is plastered. 

IVtj. Brick Veneer Walls.—^Wood and brick walls, or brick veneer walls as they 
are called, are quite common for dwellings. They have an advantage in that they give the 
appearance of a brick building at a very small expense. A lower rate of insurance can also be 
secured on this type of construction. If properly constructed, they madee a very warm building. 
The brick is laid as a 4-in. facing 1 in. away from the sheathing, so as to produce an air space. 
The brick in veneered buildings are held to the frame work by means of metal ties placed on 
every other brick in every fourth or fifth course. Brick work over window or door openings 
should be carried by means of small lintel angles. 

197k. Sheet Metal Walls.—For sheet metal walls, what is known as corrugated 
siding is used. This siding is made in sheets with ?i, 2, 2H» 3, and 5-in. size corrugations 

and in length of 5 to 12 ft. This siding is set vertically with a 1-in. lap at the bottom and one 
corrugation at the side. Siding can be secured in black, painted, or galvanized, and for special 
work a rustless siding is made by immersing the metal in an asphaltic oompoimd and then 
covering the surface with a covering of pure asbestos felt laid over the hot asphalt and forced 
into it nnder pressure. This forms a sheet that is gas and fume proof. Corrugated metal 
H iding can be used.over a wood or steel frame work as the case may require. If nailed to wood. 
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the nails should be driven in the trough of each alternate corrugation about 2 in. above the 
lower end of the sheet which will be 1 in. above the top end of the under sheet. The side lap, 
unless very long sheets are used, need not be nailed. If the siding is attached to a sheet frame 



work, then special clips are 
used and the siding screwed 
or bolted to these clips. 

A patent interlocking molded 
mding manufactured by the C D 
Pruden Company of Baltimore is 
also used extensively for quick 
and light factory and shop build¬ 
ing This Biding is made of 
standard gage galvanized steel 


Fio 323.—Corner plan showing patent molded steel \ialls 
detail plan giving a general idea of this type of construction 


bheets 2 ft wide by 8, 9, 10, and 
12 ft long Fig. 323 shows a 


198. Party Walls.—A party wall is a dividing wall used or intended to be used by both of 
the adjoining property owners. It is generally centered on the lot line. Before a party wall is 
constructed, a definite written agreement should be made between the two property owners 


defining very clearly the rights of each to 
the use of the wall; the thickness, height, 
and depth that the wall is to be con- 
structed; and the right to underpin and to 
increase its height. It is customary for the 
owner who builds first to pay for the entire 
cost of the wall and then when the adjoining 
property owner decides to build, to have 
him pay the first owner one-half of the cost 
of the wall, this cost being based on the cost 
of labor and material at the time the second 
owner decided to make use of the wall. 
Party walls are made about the same thick¬ 
ness as the enclosing walls. Some city ordi¬ 
nances require these walls to be 4 in. thicker 
than enclosing walls, while others permit 
them to be constructed 4 in. thinner. The 
party wall has the advantage over the line 
wall in that it permits of a balanced footing, 
saves ground space, and is more economical, 
as both parties share the cost of same. 
Openings in party walls should have 
thorough fire protection to prevent the fire 
from going from one building into the other. 
It is customary to have self-closing fire 
jfoors on each side of the wall. These doors 
should have fusible links and close by 
gravity or by weight. 

in the case of an existing party wall in which 
the new building is to have the same or less base- 



mmt teTd. and Ui th. hdi^t om. ^ buM- 324.-Tre.tm«»t of existing party wail. 

iag IS not to exceed the one on the other aide of the ^ 

party widl, the problem is a very simple one. If the party wall is comparatively new, it may not need anything 

more than patching up in places, so that the new plastering can be done directly on the wall; or if the wall be a trifle 

uneven it can be furred, lathed, and plastered; or a new tile wall can be erected against the old wall to receive the 

plastering. Frequently the basement of the new balding is at a lower depth than the wall, in which ease it is 

neeessary ^ undwin the patty waB and carry it dotm to the necessary level. If the new sk^ton building is to ^ 
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extend up above the present building, it may be necessary to cut chases in the old wall to receive the wall columns, 
then the wall may remain as it stands and a new tile partition is built parallel to the old wall to receive the plaster. 
The additional height may then be cared for as a curtain wall, either as a line or party wall (see Fig. 324). 


199. Curtain Walls.—In buildings of the skeleton type of construction the outer masonry 
walls are supported in each story by means of spandrel girders and therefore only carr> their 
own weight. 

On alley and lot line exposures the curtain walls should be constructed of 12 in. of brick 
to secure the proper fire protection. In street walls where large windows occur the spandrel 
below the window may be constructed of 12 in. of brick, or 4-in. 
brick facing backed with 8-in. fire clay tile, or 4-in. terra cotta 
backed with 8 in. of brick or tile. Spandrels below windows are 
also constructed of reinforced concrete. In such cases a minimum 
thickness of 8 in. of concrete should be used. Tho^e spandrels are 
often reinforced to act as the upper part of the wall beam, but the 
usual method is to consider this portion separate from the beam 
and merely reinforce with small rods or yrire fabric so as to pre¬ 
vent cracks. If this is done, the spandrels may be put in after 
the main structural parts have been cast, which saves time in th(' 
erection of the building and allows the use of more care in obtain¬ 
ing a neat finish on the spandrel walla. Reinforced concrete is 
well adapted to construction of walls that require considerable 
strength but for ordinary curtain walls and for spandrels below 
windows they are more expensive than brick on account of the 
cost of forms. 

200. Walls for Cold Storage Buildings.—In the construction 
of walls for cold storage buildings, the ability to resist moisture- 
and the transmission of heat is of the greatest importance. The 
insulating value of the stnictural wall need not bt considered, as 
this is taken care of by cork or lith linings. If permitted by the 
city ordinances, perhaps the best method for constructing exterior 
walls is with brick and hollow tile, as shown in Pig. 325. A hard 
vitrified brick is recommended on account of its ability to resist 
moisture. These brick should be bonded into the tile as shown. 

It will be noted that the exterior wall is constructed entirely 
separate from the interior frame work, and are tied together by 
means of galvanized anchors. In wall-bearing types of build¬ 
ings, an insulation can be effected by carrying the insulating 
materials around the ends of the girders (see Fig. 326). In con¬ 
structions of this type the fiooring should stop against the wall 
insulation as shown. Another method of masonry wall construc¬ 
tion is a double brick wall with the space between filled with gran¬ 
ulated cork (see Fig. 327). In this case, wall ties are also necessary 
to hold the structure together. 

201. Wall Insulation and Partition Deadening. —For the purpose of insulating walls to 
keep out the cold and heat and for the deadening of partitions between apartments or studios, 
a number of materials are now on the market at a reasonable price. Some of these are made of 
quilted eelgrass, others of balsam wool, gypsum, plaster, cane pulp, cork, etc. Some of the above 
materials come in the form of a quilt, others are pressed into sheets or boards, and again others 
can be had in loose form to be used to fill into voids. 

Figs. 328 to 333 inclusive show various methods of using insulating materials. 



PJonot 


Fia. 326.—Details of brick ancJ 
tile cold storage walls. 
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202. Vault Conatruction. 

202a. Vaults in Firefiroof Buildings.—^In modem fireproof buildings of the skele¬ 
ton type, the vaults act as additional fire protection only and the walls are made of but a single 
thickness and at other times of two thicknesses with an air space between. These walls should 
Start on the floor construction and extend to the ceiling. 



Fiq 326 —Wall bearing type of conatruction Tia 327 —Double brick wall with space filled 

showing beams insulated w-ith granulated cork 



Fio. 328.—Wall insulation with 
one layer of quilt. 



Fiq 329 —Wail insulation with 
one layer of quilt on studs for out 
side plaster walls 



Fio 330 —Partition deadening 
with two layers of quilt-wood con¬ 
struction 



Fio. S3i -^Partitions deadened 
with two layers of quilt-fireproof 
Gonatruetion. 



Pto 332 —Partition deadened with 
three layers of quilt. 



Fia. 338.—^Partition deadened—* 
qwlt nailed to staggered etude. 


sea. Vaults in Mill, Slow-bnnlag, and Ordinaiy Constructed Bnfldifigi.--As 
the fire hnsnrd mcreases it becomes more neoesssiy to protect the oontmts of the vault. Thus 
in tniildinsi of this daasi the wsSs, floois, and ceilings of the vsult are tnndecdhesvjrnuufoniyt 
vantt vnBc Nst on foundation* inS^pendatit of the bvildittg, so tiwt in ease tte bti0dhif 
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is destroyed by fire the vault will remain standing intact. Walls for vaults of this t>T>e should 
he constructed of either brick or concrete, built so as to form an air space, or the walls and ceil* 
ing should be lined on the inside with hollow tile. It is very necessary to have a strong ceiling 
over these vaults to withstand any damage that inaj'^ be caused by falling timbers or adjoining 
brick walls. 

In recent years a great many vaults have been built to store small quantities of oils, varnishes, etf These 
vaults should have self'closing hre doors and have the door sills at least 0 in above the floor so that m case of a leak 
in a barrel the varnith or oil will not run out and permit the fire to travel back into the \ault Vaults of this kin<l 
should also have vents when possible; care must bo taken to protect these vents with solf-<losing louvres. 

202c. Bank and Safety Deposit Vaults.—Vaults in banks and safety deposit 
companies should have burglar proof features as wcdl as being constructed to withstand fire 
When possible it is well to have the vault stand free from adjoining walls so that when t he watch¬ 
man makes his rounds he can inspect all sides of it. The walls should be constructed of brick with 
steel linings or of concrete heavily reinforced with steel. In some cases, walls are not alone con¬ 
structed of reinforced concrete but also have steel linings. Steel linings for vaults arc made of 
two or more tliicknesses of chrome steel about in. thick and erected with lap joints. Walls 
for ordinary small banks are now usually made of 12 in. of c<>acrpte reinforced w>ith J-i-in. 
round steel wires, 2-in. mesh, one mesh set 1^2 in. from the inside of the and another mesh 
1in. from the outer surface of the w'^all. The floor and ceiling of the vault should also be rein¬ 
forced in a similar manner. A wall of this kind will require about 8 hr. to penetrate, wdiich is 
the usual length of time set on the door time clock. Special 1-in. square bar reinforcements should 
be set in the wall at the hinge side of the vault door to properly carry the weight of the steel door. 
This reinforcement should be carried up and through the vault roof slab and turned down on the 
other side. To protect the contents of a vault from dampness, the walls are often lined wdth 
4 in. of brick having an air space between the lining and the vault wall. This air space should be 
carefully ventilated. 


PARTITIONS 

By Freokrick Johnck 

203. Partitions in Mill, Slow-burning, and Fireproof Constructed Buildings.—Partitions 
or dividing walls in mill, slow-burning, and fireproof-constructed buildings are not generally 
required to support a load, but to serve the purpose of di\iding a space into rooms. Therefore, 
such partitions need have only sufficient strength to carry their own weight and be rigid enough 
to withstand ordinary horizontal thrusts. The materials employed should be light, incombusti¬ 
ble, and poor conductors of heat. If the space to be enclosed is to be fireproof, the doors and 
windows in the partitions should be self-closing and be made of incombustible material, glazed 
with wire glass. For ordinary office partitions, dividing the office from the corridor or the re¬ 
ception room, the lower 3^2 is usually made of an incombustible material and the upper part 
of a fixed wood and glass partition, with movable transoms to permit ventilation of the rooms. 

203a. Brick Partitions.—Partitions around elevators and stair shafts in slow- 
burning and mill constructed buildings, and partitions around boiler room and coal storage 
space in all commercial types of buildings, are usually constructed of brick. When walls of 
this material are used to enclose the elevator shaft in ordinary mill and slow-burning buildings, 
they form a means of support for the overhead elevator machinery. When used to enclose 
stairways in a building of the slow-burning type, they form a safe means of exit in case of fire. 
All openings in these partitions should be protected with incombustible doors or windows. 
Brick partitions around boiler rooms and cold storage spaces prevent the spreading of fires 
that often occur in such places. Partitions constructed of brick are also used for dividing large 
buildings into small areas to reduce fire risks, also round shipping platforms to withstand the 
hard usage from trucks and boxes* Openings in walls enclosing shipping platforms and in walls 
dividing the building Into smaller areas should be carefully protected with steel jamb guards. 
Berritioiis constructed of brick should be at least 12 in. thick. Brick for partition work should 
be Imod, hard-burned, kUn-^mn common brick, laid in lime and cement mortar. 
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2086. Concrete Partitions.—Partitions of stone concrete of the same thickness 
as those of brick are sometimes used in place of brick, but the cost of form ^ork often brings 
the cost of the wall above that of brick. Concrete for partitions should be mixed in the propor¬ 
tion of 1 part cement, 3 parts sand, and 5 parts stone—stone to be no larger than will pass 
through a ^^-in. ring. If concrete is used for partitions around very large coal storage spaces, 
it is often necessary to reinforce same with the proper amount of steel. In certain localities a 
hollow cast-concrete block is used which makes a fairly satisfactory wall. These blocks are 
generally made by a local companj*', so that in competition with other materials, they can be 
sold for less money on account of the saving in freight. They have the advantage over solid 
concrete walls in that they can be taken down and changes made in the arrangement of the room 
with less difficulty. 

Solid concrete partition walls may be made 3 or 4 in. thick if reinforced. Extra rods should be placed near the 
edges of all openings, and rods should project into the floor and ceiling for anchorage. It is usually convenient to 
pour the concrete after the floor is laid, and, where partitions are not located under beams, this may be done by 
leaving a slot in the floor at the proper place. A solid ooncrete wall 4 in. in thickness makes a very efficient fire 
remsting partition, but is heavy and difficult to install. For this reason metal lath and plaster, tile, and plaster 
blocks are generally used in preference to concrete. 

203c. Tile Partitions.—Partitions of hollow tile made of burnt clay are generally 
used around offices and rooms in slow-burning and mill constructed buildings, and also around 
stairs and elevator shafts in fireproof buildings. Hollow tile for partition work of this kind is 
very desirable and no better material can be had. The tile block is usually 12 x 12 in. square 
and 3, 4, 6, 8, or 12 in. thick. Tile to be used in partitions to be plastered is scored. The 3-in. 
tile is used in office and room partitions up to 12 ft. in height. Partitions more than 12 ft. 
high, and partitions around stairs and elevator shafts, are usually 4 or 6 in. in thickness. The 
larger tile are generally used in long dividing walls. Tile for partition work should be a good 
hard-burned clay tile, laid vertically so as to develop full strength and carefully wedged in at 

the ceiling. For partitions that are to be plastered a tile should 
be selected that has not been warped in burning, so as to permit 
of an even coat of plaster over the entire surface. Care should 
also be taken in selecting tile that will not cause plaster stains or 
pop marks. To avoid this it is well to secure a material from a 
plant that has been in operation for some time and observing the 
material after it has been in use a year or more. On account of 
changes in offices, tile partitions are now often laid directly on 
)od bucks at doors and other openings are required. These bucks 
are sometimes nailed into the joints or wood strips bedded in the joints, or they are made 
wider than the partitions and channeled out to receive the tile, as shown in Fig. 334. 
Necessary furring strips nailed into the joints to receive the wood base, picture mold, and 
chair rail should be set before the plastering is applied. 

The weights per square foot of standard tile partitions are given in the accompanying table. 


Weight of Tile Partitions 


Site of tile 
(in.) 

Weight per square foot 
(pounds) 

Weight per square foot 
plastered both sides 
(pounds) 

3 

13 

21 

4 

15 

23 

e 

22 

30 

8 

28 

36 

10 

84 

42 

12 

35 

43 


At a geatral rule, a hard-burned tile weighs lest than a porous or semi-porous tile, as the thieknees of the material 
ean be upade less. Jdortar lor tile work should be^fompoead of 1 part Portland cement to 8 parts deaiit sharpsand 
iot to #me4 10% by volume. 



Fig. 334. 

top of the wood floor. 
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203(f. Gypsum Block Partitions.--In recent years a partition made of calcined 
gypsum mixed with fiber and molded into a block shape has come greatly into use. These 
blocks are made solid or hollow, 12 in. wide, 30 in. long, and 3, 4, 5, 6, and 8 in. thick. They 
are laid in regular courses breaking joints as in brick work and are set in lime mortar. The 
gypsum block partition is not as fireproof nor will it stand as great a horizontal thrust as a tile 
partition, but it has an advantage of being lighter in weight and also an advantage in that open¬ 
ings can be cut in the partition with a saw. The cost of this partition is also a trifle less than 
tile. The usual wood bucks at openings and grounds for trim are required the same as for tile 
partitions. 

The weight per square foot of gypsum block partitions is given in the following table. 


Weight of Gypsum Block Partitions 




1 


Weight per square foot 

Weight per square foot 

Size of block 

(pounds) 

plastered both sides 



(pounds) 

3 in. hollow 

9.9 

17.9 

3 in. solid 

12.4 

20.4 

4 in hollow 

13 0 

21 0 

5 in hollow 

15 6 1 

23 6 

6 in. hollow 

16 6 1 

24.6 

8 in hollo^% 

1 22 4 

30 4 


203e. Expanded Metal and Plaster Partitions.—A thin partition of plaster 
applied to metal lath, making a solid partition about 2 in. thick, is often used around small 
offices and toilet rooms in factories of slow-burning or mill construction. This type of parti¬ 
tion is light in weight and a trifie less expensive than any form of tile. The difficulty of cutting 
openings makes them rather undesirable in partitions that need to be changed often. The 
metal and lath partition is usually constructed of vertical l-in. steel channels set 12 or 16 in. 
on centers, bent and punched at the ends for nailing to floor and at ceiling. At the openings 
a 1 X l-in. angle, punched so that the wood buck can be screwed on, is used. Over these studs a 
metal lath is stretched and wired to the studding with galvanized wire. Groimds are secured 
to the lath by means of staples. Plastering is first a scratch coat on one side, a brown coat on 
each side, and then the white coat on each side for finishing. The weight of this partition is 
about 17 lb. per sq. ft. 

204. Partitions in Non-fireproof Buildings.—Partitions or dividing walls in non-filreproof 
buildings, are often required to support a light load, so as to reduce the span of the joists above. 

204a. Wood and Plaster Partitions.—For such buildings as residences and 
small stores, hotels, offices, etc., where the question of fire risks is not a strong factor, the most 
common form of partition is the wood stud, lath, and plaster partition. The studs are either 
2 X 4 in. or 2 X 6 in., spaced 12 or 16 in. on centers. On these studs are nailed wood lath, and 
over the lath the plaster is applied. Lath made of pine, spruce, or hemlock are used. They 
should be straight grained and well seasoned. The regular size of lath is H X1in. and 4 ft, 
long. This length regulates the spacing of the studs. The lath are nailed on in parallel rows 
about H in. apart with 3 penny nails to enable the plaster to form a key. To prevent cracking 
the lath are laid with broken joints at every seventh or tenth lath. Over the lath the plaster 
is applied either in two or three coats, as may be required. The necessary grounds to receive 
the trim should be nailed on^before the plastering is done. The weight per square foot of wood 
and plaster partitions is given in the table on p. 628. 
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Weight of Wood and Plaster Partitions 


Sixe of studs 
(inches) 

Spacing of studs 
(inches) 

Weight of partition per square 
foot, plastered both sides 
(pounds) 

2X4 

12 

IS 

2X4 

16 

17 

2X6 

12 

10 

2X b 

1 16 

18 


2046. Expanded Metal and Plaster Partitions.—Expanded metal and plaster 
partitions are sometimes used in non-fireproof buildings, constructed as described in Art. 203e. 
Metal lath over wood studs are also sometimes used. It is seldom that any special advantage 
is gained by the use of such partitions in non-fireproof buildings. 

204c. Sound Deadeners for Partitions.—To prevent the sounds from passing 
through the building by the full contact of the partitions with the floor construction, metal 
saddles with felt cushions are made to carry the partitions. In the case of wood partitions the 
bottom plate rests in the cradle, but with tOe partitions a wood buck is first laid to receive the 
tile. 


204d. Wall Board Partitions.—Wail board for partition work is a built-up wood 
fiber, bonded together with a moisture-resisting cement. It is approximately y\% in. thick, 
32 and 48 in. in w^idth and comes in lengths from 6 to 12 ft. It can be painted or treated with 
calcimine, but it cannot be papered. 

204e. Plaster Board.—Plaster board is a fire resisting material, composed of 
alternate layers of calcined gypsum and fibrous felts. It is nailed direct to the stud and plast¬ 
ered over. It comes in and H in. thickness and in sheets 32 X 36 in. It can also be 

used in constructing 2-in. solid plaster partitions in place of metal lath. 

204/. Lith Partitions.—A thin sound-proof partition can be made of 2 X 4-in. 
wood studding, set sideways, and the space between built up with lith. On each side of this 
core, the metal lath and plaster are applied. Lith board is made 18 in. wide and 48 in. long. 
It contains 80 % of rock wool and 20 % of flax fibers, two materials of high insulating value. 

205. Partitions in Cold Storage Buildings.—The essential thing to be considered in the 
construction of partitions in cold storage buildings is insulation. The construction is, therefore, 
usually determined by the amount of insulation reejuired. 



Fig. 335 shows a partitior constructed of 2 X 4-in. wood studs set flat, the space from stud 
to stud being filled with 2-m. cork boards. Both sides of this core ate lathed with galvanised 
whe lath, and plastered. If the plastering is not demred, matched and dressed boards can be 
used; in which case a waterproof paper should be used between the cork and the boaidSt The 
cork boards should also have an asphalt joint at each stud to prevent the passage of air. Fig. 
336 ej^owe ^ double cork-board partition, the boards cemented together with cement mortar. 
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The sides of this psrtitioB are also lathed aiid plaslored. In cheaper types of construction the 
metal lath is omitted and the plastering is applied direct on the cork. These partitions can be 


erected to a height of 12 to 14 ft. 

When tile is used for partitions, it is customary to 
plaster one side and on the other side to use a cement 
mortar to hold the cork boards. Over the cork another 
coat of plaster is applied. Often it is necessary to use 
two layers of 2-in. cork, as shown m Fig. 337 This 
partition is recommended when fireproof construction 
is required. Portland cement mortar should be used to 
hold the cork to the tile. 

In the erection of partitions in cold storage build¬ 
ings that are to receive salt meats, care must be taken 
to use as little iron as possible, as the salt will soon rust 
and eat it away. Copper nails, anchors, etc., and bronse 
or brass hardware should be used for this kind of work 

206. Partition Finishes.—The most com¬ 
mon and satisfactory hnish for partitions is 
plaster finished with either two or three coats, 
as the case may require. Patent paster is now 
in general use and instructions for applying this 
are given by all manufacturers. 



For wainscot work in public halls, corridors, and toilet rooms, no better material can be secured than marble, 
in thick. Marble should be set with fine plaster of Paris joints and securely anchored into the partitions 
with metal anchors. For wainscot in kitchens, bath rooms, etc , a white glazed tile is used a great deal. These 




elevation B-S 


Fig. 330 —Details of marble and slate toilet stall partitions. 





Fia. 340.*—‘Details of wood panel toilet room stall partition. 

tile live reetaagelaf in ehape* Special idiapere for oape, ooraers, angles, and cove base are made for this work. 
A mole economical material for wainscot to take the piece of tile is Keene's cement. This cement can be Imnted 
eiul peiUtted with an enamsl A njah go as to produce a very serviceable surface. In places that require the walls to 
he selwhbedir m siestlc ^tary cotapositkin similar to that used for floors is oftem used. As this material does 
not irSHuire ps^t. it can be rlnsnwl with a scrub brush and ivaShing powder 
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267. Toilet Room Partitions.—Themain consideration in the construction of toilet room 
partitions is to secure a serviceable material and so to design the partitions as to make them as 
sanitary as possible. For this purpose, marble, slate, vitrolite, and other artificial products are 
used. 

In the construction of partitions made of artificial products, the manufacturers of same 
usually have standard details showing methods of construction which they have found most 
adaptable to their materials. 

In the construction of marble and slate toilet room par¬ 
titions, the front stiles (1?^ in. thick) should extend to the 
floor and have a cove base, so as to make the corners easy 
to clean. The dividing partitions should be set 10 or 12 in. 
above the floor and should not be so high as the front or 
back. The backs for water closet stalls should be set away 
from the wall so as to allow ample pipe space and should 
extend up at least 7 ft. 6 in., so as to conceal the flush tanks 
(see Fig. 338). Over the pipe space should be set a removable 
shelf J'i in. thick, so that the space can be closed up and kept 
clean. The marble and slate for partitions should be held 
together with dowels so as to avoid as much metal work as 
possible. In certain classes of industrial work, the front 
for toileAoom doors and stiles are omitted and the dividing partitions are 

made very low so as to give the attendant complete super¬ 
vision of the room. In a detail of this kind, pipe standards are necessary as a framework to 
hold the marble or slate together. Wood-paneled partitions made of oak or birch, and 
varnished, make a good partition for less expensive grades of buildings. Where wood is 
used for partition work, the backs should be set on a hollow-tile base—the hollow tile 


Fxa. 342.—Petails of metal toilet room stall partition. 

to form a back for the sanitary cove base. Partitions made of sheet steel are also used a great 
deal for factories. This type of partition should be carefully painted or enameled before it is 
erected so that it will not rust. The cheapest partition for toilet room stalls is the 2 by 4-ln. 
stud partition filled with matched and beaded ceiling. Details of toilet room partitions are 
given in Figs. 338 to 342 inclusive. 

CORNICES AND PARAPET WALLS 
Bt Fbbbbrics Johnck 

208. Cornices*—After the main walls of a building are erected, about the first item that 
receives the finished treatment is the comice. The details given here are not so much to illus¬ 
trate architectural design as to show the construction features of the various types of cornices 
and thf manner of providing supports for the material used* 

F%. 34fi'llhistrates an ordinary wood box cornice and the manner in iditch this type is 
eonstrudedl^ The rafters are continued out over the building and lookouts wee nailed to these 
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so as to form nailing pieces to carry the wood soflats. In this type of work the sheet metal 
lining is carried up under the shingles as shown on the drawing. 

In Fig. 344 is shown another form of wood comice with a sheet metal hanging gutter. In 
this case the wood lookouts are cut in some ornamental form and nailed to the side of the roof 
rafters. The hanging gutter has the advantage over the box type in that it can be more easily 
replaced when it is rusted out. 

Figs. 346 and 346 illustrate wood cornices on masonry walls. The rafters rest on and are 
nailed to a wood plate which is firmly anchored into the wall. Wood lookouts are built into 



Fia 343.—Wood cornice detail. Fia. 344.—^Wood cornice with Fig. 345. —Detail of wood cornice 

hanging gutter. with standing gutter on roof. (Cornice 

on residence at Roxborough, Pa.) 


the masonry and secured to the end of the rafters to form nailing blocks for the wood soffit. 
In Fig. 345 is shown a standing gutter, a type of gutter used a great deal in early colonial work. 
Nailing blocks should be built into the masonry so that the lower sections of the cornice or 
freeze can be properly secured in place. Wood for cornices should be white pine or cypress, 
and should be carefully painted with a priming coat as soon as the wood work is in place. 

When it is not possible to afford a stone or terra cotta cornice, a sheet metal one is often 
used as illustrated in Fig, 347. These cornices are supported on wood lookouts built into the 



masonry\ The top and end of the lookouts are sheathed 
as shown in the illustration to form a straight edge and also 
to secure proper nailing surface for the sheet metal. Addi¬ 
tional reinforcements back of the moldings are sometimes 
necessary; these are made with galvanized or wrought iron 
strips as the case may require. 



Pio. 346.—Detail bf wood eomioe on Fia. 347.—Details of sheet metal cornice, 

brick wall. (Cornice on Independence 
HaU. Philadelphia. Pa.) 


Fig. 848 is an illustration of a terra cotta cornice used on reinforced concrete buildings and shows the means 
of anchorage of the terra ootta to the masonry and the lintel over the window to the shelf angle bolted into the con¬ 
crete work. In terra ootta cornice work the brick shotdd be built into the voids of the blocks (see details). 

In Fig. 840 is shown a stone cornice and the manner in which the various blocks are secured in place by gal¬ 
vanised wrought-iron anchors. The back of all stone work should be painted to within I in. of the ei^osed e^e 
with black waterproof pafnt to prevent moisture from the well entering and discoloring the stone work. 
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When a terra ootta cornice has a greater projection than can be properly balanced on the wall, it ehouM be 
carried by means of steel brackets or lookouts properly anchored into the masonry, as shown in Fig, 350. This 
figure also illustrates the method of securing terra cotta balusters in place. In the use of terra ootta for cornices, 
care must be taken in detailing the top joint so that the water will not enter the joint and freese, causing the terra 
cotta to break. 



Fio. 348,—Terra cotta cornice on Flo, 349, Pio, 350. 

reinforced concrete building 



I1e*-tx>d< Plewhmg noWsngBJock IfaggleDteck MtM Fiattinj 

351. Fio. 35a. Fig. 353. Fio. 354. 


209. I^arApet Walls.—The main points to be otmsidered in the treatment of parapet walls 
are (1) the top finish or oopii^, (2) the treatmenton roof side, and (3) the fishing* Fig. 351 
shows a simple brick pars^t wall with a biiek coping and a metal strip for fiaahxog. Tte brkdt 
ipt coping should be a hard vitrified brick and be laid ip a full cement mortar loint* Theme^ 
for fiaabing >ust alnive tlie roof^e, consists of a roofing^elt strip folded intoameial 
board ,ijipd eel into the brick joint, ThdK»ifoeiai stri^ are abo secured into brick wotk wlt|h 
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jy^alvauised bent hooks. The roofing is brought up under the roofing strip tlie same as under a 
regular cap fiashing. 

Hg. 352 illustrates a parapet wall with a stone coping and a raggle or flasiiiug block above 
the roof to receive the flashing. The stone coping extends over the brick wall and is cut with 
a drip on the inside and outside. The fiashing or raggle block is a hard 
l»urn<^ clay block with a slot to receive the cap fiashing, as illustrated. 

This detail also shows a splay block at the loof line so as to prevent the 
sharp turn of the roofing in the comer. 

In Fig. 353 is shown a parapet wall with a salt glaze tile coping, and 
another form of raggle or flashing block. The tile coping is made with a 
hub so as to form a lap joint. 

Fig. 354 illustrates a terra cotta coping for parapet walls and the 
ordinary cap fiashing over the roofing. Cap fiashing should be carefully 
painted on both sides before it is put in place. 

For the treatment of parapet walls on the roof side the best system is the use of vitrified 
brick, as common brick often disintegrates due to the moisture from snow being banked 
against it in winter. Parapet walls are also often treated on the roof side with a coat 
of asphaltum when the roof is laid. If this is done, they should receive a new coat every 
5 yr. or so. 

Concrete is also used for parapet wall construction in laevory work. They may be constructed of S in. oi re¬ 
inforced concrete, or of 12 in. of plain concrete. For the proper flashing of concrete parapet walls the detail shown 
in Pig. 3S5 has proven satisfactory. A 2 X 4-in. piece of lumber is ripped on the diagonal and then placed in the 
forms at the desired height, the upper strip being securely nailed thereto, so as to insure its removal when the 
forms arc taken down The lower piece is just tacked to forms (from outside) with wire naib driven into it to an¬ 
chor it to the concrete The flashing and counterflashing are then placed in the same manner as for brick walls. 



PiQ. 365. 



WINDOWS 

By Frederick Johnck 

210. Wood Windows.—In Fig. 366 is illustrated a box 
frame for double hung sash to be used in frame buildings. 
The depth of the wall studs deteraiines the width of the box. 
In this detail the exterior wall surface is shown as siding; if 
plaster is used it may be necessary to increase the width of 
the trim to receive the furring, lath, and plaster. In the 
construction of double hung windows, the pulley stile should 
be made of straight grained yellow pine, and the other parts 
of the frame of white pine or cypress. The sash vary in 
thickness from 1% to in. depending on the width of the 
window and the glass used in glazing. If plate glass is used, 
it is better to have the l^-in. thickness in the sash to 
carry the weight. The exterior trim over the top of the 
window should be flashed with metal flashing extending up 
under the siding as illustrated. At the bottom, the sill 
should be undercut to receive the siding or exterior covering 
so as to form a tight joint. 

211. Casement Windows in Frame Walls.—^In Fig. 357 
is illustrated a detail of casement window with the sash 
arranged to swing out. When this detail is used the screens 
must be placed on the inside and the sash operated with 
hardware so designed that the sash can be opened without 
opening the screens. This detail also shows the inside of 
the jamb veneered to match the trim of the room. In 
Fig. 357 is also shown a sash detailed to swing in. This 
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permits the screen to be placed on the outside, but requires the curtains to be secured directly 
to the sash instead of the trim as is the usual way. In detailing the sash for casement Tvindows, 
it is better to set the glass in wood stops so that the glass will not shake out if the i/vind should 
slam the window shut. 

212. Basement Windows in Masonry Walls.—This type of frame is often called a plank 
frame, and is perhaps the simplest type used in building construction. The jamb is made of 
in. thick lumber, and the sash 1 % or 1% in. as may be required. The usual method to 
operate these sash is to hinge them at the top to swing in (see Fig. 358). 



Fxo. 358 —Jamb of basement 
window in brick wall. 


Fio. 359.—Details of box frame windows 
in maaomy walls. 


Fio. 360 —Details of steel 
windows. * 


212« Box Frames in Masonry Walls.—This frame differs in construction from the box 
frame in frame walls in that it is a complete unit set into a masonry wall and built in as the wall 
is constructed. These frames should be carefully calked with oakum so as to make a good air¬ 
tight job. A water bar is used in the sill so that the rain will not drive in. This water bar 
should be cemented into the raggle of the stone or terra cotta sill. On the inside it is necessary 
to block out the frame to the full thickness of the wall so as to form a nailing support for the 
trim (see Fig. 359). 

214« Steel Windows*—Windows made of rolled steel sections have come into great use for 
factory and warehouse work. As the sash sections are very small, these windows permit the 
maximum amount of light to pass through. They are made in the counterbiOanced vertically 
^mnitting S0% Tentiktioit; in the triide Muib, penniiting 66% vmVMmi fOid 
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in the pivoted type which is the most common. The question of being able to wash the sash 
on the outside should be given great consideration in the selection of the type to be used. It is 
also well to use the glass in as large a section as possible so as to reduce the labor of washing 
the windows. When it is required to use wire glass in steel sash in walls exposed to fire risks, 
the glass should be set in special approved glazing angles as required by the Insurance 
Underwriters. 

216. Hollow Metal Windows.—Hollow metal windows are used to secure proper fire pro¬ 
tection on alley or lot line walls (see Fig. 361). They are made of 22 and 24-gage galvanized 



Fio. 361.—DetsiU of hollow metal windows. 

iron, or of 20 oz. copper, and glazed with wire glass. The glass rabbets should be H deep. 
The frame and the sash should be made with as few parts as possible, and should comply with 
all the rules of the Insurance Underwriters. When muilions are required, they can be made 
with a 5-in. I-beam enclosed with at least 2 in. of concrete or other fireproof material. These 
I-beams should be securely fastened into the masonry at the top and bottom, but proper allow¬ 
ance should be made for expansion and contraction when heated. Hollow metal windows are 
made double hung, both sash pivoted at sides, and top sash pivoted and bottom sash fixed* 
Fig. 861 shows the method for trimming hollow metal windows on the inside of the wall. 
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DOORS 

By Frederick Johnck 

216. Doors in Residences.—For residence work certain types and sises of doors have 
come into general use. Fig. 362 shows the general arrangement of panels now in common use. 
Doors for residences are made and in. thick for interior work and 2 and 2yi in. thick for 
entrance doors (see Fig. 363). Entrance doors are usually made 3 ft. wide so that furniture can 
be taken in. Bedroom doors can be 2 ft. 8 in. wide and closet doors 2 ft. 2 in. wide. For bath 
rooms it is customary to make doors 2 ft. 6 in. wide. These doors are made 6 ft. 8 in. to 7 ft. 
in height depending on the height of the ceiling in the room. In bed room closets, a full length 
mirror is sometimes used. These mirrors should be set so that a small space is allowed between 
the mirror and the wood back. Interior doors generally should be of the veneer type, w^hile 
outside doors are better if made of solid wood as the moisture has a tendency to raise the veneer. 
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Fig 362 — VanotiB tyv^ of door# for residence work. 




Pio. 864.—Sini^le astragal. 



Fio 368 —Double astragal. 


The veneer for inside doors is glued to a built-up core or over a two or three-ply material 
^or panels. If double or French doors are used, a single, or double astragal is very necessary 
to form a tight joint (see Figs. 364 and 365). Fig. 366 shows the detail of a door and trim 
for wood and plaster partitions. The studs are double and the finished jamb is set away from 
the stud so as to have room to wedge the door up plumb. This detail shows a two-piece trim; 
^ molded section is called the back band. In order to have the doors swing so as to clear 
ih» carpets or rugs, a threshold is used, as shown in I>1g. 367. 

817* Office Buildjiig Doors.—Wood doors for office buildings may be divided into two 
gensfat types—communicatiiig doors and corridor doors (see Fig. 368). They are made with 
either eini^ or double panels. The two-pand type is perhaps the most common and ser- 
vioesUe. Both panels in communicating doors between offices are made of wood. Tbesedoors 
imusuiiUyB ft. wide and 7 ft. high. Corridor doors are made 4 in. wider to permit large derics 
jind other pieces of furniture to be taken into the loom^ The upper panel In corridor doois 
should be of mase giass so that the eonidor will have the proper mnotint of daylight. Trsii- 
oms im 4dsot|iiied over Ihese doors so that fheofliceean be veatilated. 

llWir detail in office building work. t(ie doors are made trith cgdit jamtis, as shown in Fig. 
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369. This pennite iihe trim to be secxired to the jamb and the door to be fitted in the factory 
m as not to cause any delay at the building. 

818* Hospital and Hotel ]>oora.—Hospital and hotel doors are often made flush panel, 
with a line of inlay of some other kind of wood to make then! more attractive (see Fig. 370). 
The flush panel makes a very sanitary door for such work, as there are no moldings to catch 
the dust and dirt. These doors are made in. thick the same as for doors in office buildings. 





% 

1 





' Piinth 

Pig, 366.—Door detail for wood and plaster partition. 



Fig. .367.—Sill section. 


219. Refrigerator Doors in Cold Storage Buildings*—Refrigerator doors for cold storage 
buildings are made of wood and insulated either with cork or lith (see Fig. 371). The wood 
frame or buck is first erected similar to that used for ordinary doors in office buildings. The 
jamb is so detailed as to form a continuous air space entirely around the door. This is usually 
done with a felt filler which forms two seals of contact between the door and frame. At the 
bottom of the door another piece of felt is used which fits against the cement or wood sill as the 
case may be. The frame for these doors should be very carefully anchored into the wall so as to 




Corridor Door 



Fio. 366.—>D«tan of doors for offioo huUdingo. 



Pxo. 369.—Plan of door in tile partition showing 
split jamb. 



Fig. 370.—Flush pane! door for hotels and hospitals. 


praiwrly earty the w«ght of the door, (hi account of the salt air, in meat storage buildings ft 
is to use only bronse, brass, or white metal hardware so as not to have trouble with rust. 

SM. Onta Hafzontal FiMIbc Boon.—^For shipping room doors the cross hoiuontid 
folding type fans proven very satufactcny. Doors of this type are made of wood, sheet ste^ 
•r oonugated sted and am hinged above tiie center line so as to fold up like a ja^ knife (see 
T%.S93^' Ih^eaabeoperatsdwfthaliftonthebottomnulorby means of a chain, and also 
by a dtaia gear if they am very large. The doors am oounteibalaaced with iron weights which 
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slide up and down in the metal weight pocket. If light is desired, it is beat to use wire glass in 
the upper panels, as ordinary glass would break if the door is not operated with care. 

221. Steel Poors.—Doors made of plate steel reinforced with angles (see Fig. 373) are 
used a great deal for boiler rooms, coal storage rooms, pent houses, and for stair doors in factory 
and warehouse construction. The thickness of the plate varies in order to comply with the 
UnderwritersS union trade conditions, and city oiriinances. For certain openings, door 
checks to close the doors are required to reduce fire risks. Doors of a similar character for this 

purpose are also made of corrugated sheets of steel 
spoft non-combustible materials between. 



Wod buck 


For laige openings, doors of this type are also made to 
slide on gravity tracks, and are used on both sides of fire 
walls When this is done they should be counterweighted so 
as to stand open and be equipped with fusible links so as to be 
self-closing in case of fire. In the use of steel hre doors, care 
should be taken to see that they comply with all insurance and 
building laws of the locality in which they are to be used. 


Kalameined Doors. —The kalameined 
y Air apam door (Fig. 374) is made by drawling a thin sheet 

^ T Jwetal over a wood core. This door is used a 

j\ • .* * k great deal for wire shafts, passenger elevator doors, 
^ * * T should also be Kalameined so as 

hi -i* ^ afford full fire protection. As these doors can 

f be hung by the carpenter, they are erected on 
wood bucks as shown in the illustration. 

Hollow Metal Doors.—Hollow metal 
yy/^^ doors (Fig. 376) complete with jamb, trim door 

Yyyyyy^^ ^ buck, etc., are commonly used as doors to wire 

Y/yy^yyy yy shafts, pipe spaces, passenger elevators, etc. 

ffgfngmrtor Door and Jamb Defaii These can be furnished with shop coat of paint or 

fir Bnck Wall Partitions supplied with a baked enameled finish. 

^Ck)pr _H When light is required, the glass used should be 

ojfljl wire glass so as to resist fire. Panels in these 

* • 'Ti doors are often made with >i-in. asbestos board. 

224. Freight Elevator Doors.—To prevent 
U (i accidents and to provide a door that could be 

_ easily operated by the man on the elevator, a 

Action Through 311/for We f^ro fur Poor divided horizontally in the center 

so that one-half could slide up and the other half 
Fio. 371. — DeUila of refrigerator doors in cold could go down has been adopted (see Fig, 376). 

storage bull mgs. known doors of this t3rpe are the 

Meeker and the Pellee. These doors are made of steel sheets, or corrugated iron sheets, 
reinforced with steel angles and tees. They are made semi-automatic which are closed by 
the car as it leaves the landing, or full automatic which open when the car reaches the 
landing and closes as it passes the landing. In the semi-automatic type it is well to provide 
a steel gate in addition to the door, so as to prevent accidents if the car door should be left 
open. These gates should slide up and be counterbalanced. Doors for elevator shafts 
should bear the Board of Underwriters’ labeb, and the gates should be approved by the 
Casualty Insurance Companies. 

226. Pyroos Doors.—To secure a wood veneer surface over a fireproof material the Pyrona 
Process Company manufactures a door which has a fireproof sheathing bonded into the wood 
core over which the wood veneer is applied. This door gives all the appearances of a wood 
door and can be hung by the carpenter. It is used for wire and pipe shafts in residences and 
ainuiment buildings. The trim for these doom can be treated in the same maimer as the door. 
377 idiows a pyrona door detail complete with trim, etc. 


ffitfnotnsrfor Door and Jamb Detail 
fSr firtek Wall Portitions 


-Door —H 


fieefion Through 511/ for R efrigerator Door 
Fio. 371.—Detoila of refrigerator doors in cold 


otaus of refrigerato 
storage buildings. 
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286. Metal Clad Doors.—The metal clad door for use in fire walls is a wood fiush panel 
door covered with sheet metal. It is a cheaper door than a steel one but will not stand the 
hard usage from trucks, etc., running into them. The wood also has a tendency to dry rot 
due to the lack of ventilation. 




P/an 



Fio, 372.—Details of cross horisontal folding doors for shipping platforms. 








I jrHtM eomwc/cm 


]g chcc9mn^^ 

T fo mar 


Fiq. 373.—Details for steel doors for boiler room, coal 
rooms, and warehouse stair shafts. 


Pig. 374 —Kalameined door. 


Bcn^ sfwtfjamt 

fktn^bramn^ for buf^% 
fhttow mtktf him 

Fig. 875.—Hollow metal door. 



287. AUgnum Fireproof Doors.—Alignum is manufactured in slab form from fireproof 
mineral components, amalgamated under hydraulic pressure. It is worked the same as wood 
and can be finished with practically the same materials. The slab can be reinforced with wire 
mesh for extra strength and then secured to both sides of vertical ribs which make a hollow 
fireproof door. This product Is manufactured by the Alignum Fireproof Products Company, 
Inc. 

228» Revolving Doors.—^For store purposes and entrances to public and semi-public 
buildings, the revolving door is very efiSieient. These doors are made with three or four wings 
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and should be provided vrlth automatic releasing fire exit devices so that they can collapse and 
give a full vridth door opening in case of fire* This type of d|pr complete with vestibule will 
permit people to enter freely and yet allow a minimum amount of cold aii^ to come in during the 
winter months. 



Pio. 376.—^Freight elevator door. Pio. 377.—Pyrono proceaa door and trim. 


STAIRS 

By Coryoon T. Purdy 

229. Definitions.—Stairs are variously classified. A stair is one in which the stair 
rail or balustrade is constructed with newel posts at its angles, or turning points, while a geo¬ 
metrical stair is one in which the newel posts arc not used in mak¬ 
ing turns. It follows that newel stairs are in straight runSi ordinarily 
broken by landings between floors, and that the geometrical stairs 
are curved and continuous. 

Judged by their horizontal lines, . 
stairs are straight^ qmrier^turn^ or half- 
twrn^ and geometrical stairs are more 
commonly termed curved staira, circular 
stairs, elliptical stairs, vdruiing stairs, or 
epiral stairs, as the case may be. 

Most stairs are constructed with an 
opening in the floor larger than thestairs, 
so thatthere is an open vertical space 
from floor to floor. A newel stair returning on Itself without such an open space—^that is, with 
the balustrade of one flight in the same vertied plane with that immediately above or bdtow-^ 
is called a dog4egg€d stair. 

In dwelling houses the/rotd stairs are the ones made to be seen and generally used, and the 
stmis.are, made for domestie use apd ordinarily out of sight. 

open or doeed when they are or enclosed by watts* 
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A ir 0 ad it the horitontal i>trt of t etep. 

A filter it the vertical part of a tiep. 

A 9t0p it the combination of a tread and a riter. 

A winder it a ttep in which one end of the tread it wider than the other. 

A Hiair may be a ttep, a terict of ttept, or a continuity of steps from floor to floor, or the word in ita singular 
form may apply to all the stairs in one continuous stairway In many ways, the singular and plural form of the 
word can be used interchangeably. 

A JliffAt ctf ataire, technically, Is a continuous series of steps without a break, but in ordinary conversation it is 
generally taken to mean the entire height of stair from one floor to the next, including landings. 

A atair eaae is an expression that properly applies to the whole stair construction, including the place it occupies 
and its enclosing walls. In common usage, it is almost synonymous with the word "stairs”, but improperly ao. 

The run of a flight of stairs is its horixontal length. 

The riaa of a flight of stairs is its vertical height. 

The jtUch of a flight of stairs is the angle of its ascent 

A landing is a platform in the stairs between floors. 

The noaing of a tread is the projection of the tread in front of the riser. 



Fig 380.—Flight of stairs Fio. 381.—Step in wood stair 


A atrtngar is a longitudinal member of the stair construction It may support the stairs, or it may only appear 
to do so. 

A wall atringer is the one that adjoins the wall 

A front atringer is the one on the open side of the stairway. 

A beUuater is a small colunm or post supporting a rail. 

A InUuatrade is a series of balusters joined by a rail to form an enclosure. This word properly applies to jnas- 
sive work in stone or its imitation, but now it is much used by architects for the lighter work in wood and iron 
employed in modem stair construction 

A newel is a principal or more important post supporting a hand rail. Newels are used at the beginning 
and at the end of a balustrade, and also at turning points on landings. 

280. Risers and Treads.—The importance of 8tair construction^ the character of the work 
to be employed, and the difficulties involved, vary widely with different types of buildings. 
There are, however, a fe^ tilings regarding the design of stairs that have general application 
and one of them relates to the risers and treads. 

The height of risers should be exactly the same from one floor to the next, even if it figures 
out an odd fraction of an inch to make it so, and there is no exception to this requirement. 
The treads should have a uniform width, except where winders are used. In high buildings 
where the heights of stories vary, the height of the riser will ordinarily change when the story 
height changes. In such a case, the change in the height of the riser should be made as little as 
possible. To get this height in any staircase, determine the exact height of the story from fin- 
nished floor to finished floor, and divide it by some number that will give for an answer the 
approximate height of riser desired. The divisor will be the number of steps required, and at 
the most, two or three trys should indicate the combination that is most desirable. The best 
practice in America is to make risers in ordinary stairs from 7 to 7M in. high. 

Tka rahtkm of the rieer to the treed depende upua Ute use of the eteirway. Treeda 10 in. wide moat eom- 
moaly required with 7 to 7H in. in bright of riser, end this rnekfe e atendeid pitch that ahouid be widely used. 
These praportioiie make the moat aatiafactory ataira in dwelling houaea, tenemenU, apartment houaesi, hoteja, 
offlee bufidlnga, qnd {hatodfa, and particularly where the ata ra are in constant use. Such Stairs are easy of aaeeiit 
for ofdlfMtty persona. If the height of the riser la raducfcd, the width of the tread ahonld be ineiwuied; and, vice 
veraa^ 11 the height of the riser is Increased, the width of the tread ahouid be made less. Generally speaking, aiaini 




642 


HANDBOOK OF BUILDING CONSTRUCTION 


[Sec. 8-231 


in public buildingt abould hnve wider treads and leas height of riser. The same is true of most stairs in which the 
architectural features are particularly important. A d>^-in. riser and 11-in. tread make a pitch to the stairway thht 
is more attractive and inviting. The following is a rule of French origin which fixes the relation of the riser to the 
tread: The sum of the width of the tread and twice the height of the riser equals not lees than 24 in., nor more than 
25. Stairs in the United States conform generally to this rule. In England there is a rule that the product of the 
height of the riser in inches and the width of the tread shall be 66 in., but it is not much in use in this country. 
The New York Building Law requires the application of this English rule; but fixes the product at not less than 70 
in., nor more than 75. It also limits the height of riser to in. and the width of tread, without nosing, to in* 

In designing stairs, the first thing is always to determine the number of steps and height of riser, and the next 
thing is to fix the width of the tread and the run of the stairs. Beyond this part, the problem varies with the 
character of the building and the purpose of the stairway. 

231. Width of Stairs, Number, and General Design.—Dwellings, both in the city and coun¬ 
try, should have two stairs, the front, or principal stairs, for general use, and a back stairs for 
the service of the house. The former should be at least 3 ft. 6 in. wide. In most dwellings 
such stairs are in constant use, and they should have a standard pitch and two or more flights 
between floors, so that the labor of passing from floor to floor will be reduced to a minimum. 
This consideration is more important than any other, for the stairs are used day and night, by 
old and young, and if going up and down stairs becomes a burden anywhere, it is in the home. 
It is common practice to make the front stairs in the first story of dwellings the attractive feature 
of the house. In the construction of such buildings, any expenditure allowable for a purely 
architectural feature, is properly put in these stairs, and in many homes where the character of 
the construction will warrant it, the stair work is elaborate and ornate. The old Colonial 
staircases, still to be found in many houses of New England and Virginia, have served as a 
national model for stair work in dwellings. Some of these staircases are more than 150 yr. old. 
The symmetry and directness of their design is their chief characteristic. Some of them are 
very ornamental and beautiful, and some of the workmanship in their construction is not ex¬ 
celled in this generation. 

In buildings for the service of the public—such as post office buildings, capitols, libraries, 
and railway stations^—stairways should always be wdde enough to meet all requirements of the 
most exacting condition. Where practicable they should be as wide as the entrances, passage¬ 
ways, and concourses which they serve. It is also equally important that such stairs shoiild be 
constructed with short flights and commodious landings. All of these provisions serve to 
prevent overcrowding, confusion, and accidents. The most unsatisfactory and unfortunate 
feature of our Metropolitan Subway Railway construction is the narrow difficult stairways 
which street conditions have required in many places. 

Schools and college buildings are usually classified as public buildings, but they have a differ¬ 
ent stair problem. In such buildings most of the travel ebbs and flows according to a program, 
and the travelers are known to each other This means less confusion and less chance of acci¬ 
dent. The requirements for stairways in such buildings can therefore be made correspondingly 
easier than for stairways open to the general public and in constant use both ways. 

Theatres, assembly halls, and dance halls are also public buildings, but they have still 
another stair problem, chiefly one of quick exit. The width of the stairs and number should be 
sufficient to empty the building in three or four minutes at the most. Each floor or balcony 
should have its own separate stairway, and in large theatres, each division of a floor or balcony 
should have a separate exit. 

Stairs in high buildings, office buildings, and hotels are not much used, and are constructed 
to meet an emergency rather than for every day use. Perfected elevator systems take the travel; 
but both legal requirement and good judgment call for stairways large enough and in sufficient 
numbers to afford a satisfactory exit for the entire population of a building within the space of 
a few minutes. The new Commodore Hotel in New York, with its 2000 bed rooms, has five 
stairways, each 3 ft. 8 in. wide, and the Equitable Office Building has four stairways each 4 ft. 
2 in. wide. Each stairway is continuous from the roof downward through aU typical stories, 
and the same exit areals made good to the street. 

It is not enough that these buildings are absohiteiy fireproof, that their floors, doors, wind* 
ows, and trim araall made of metal orwood that will not bum. Thereishardly onechance ina 

i 
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thousand that a fire would spread beyond the room in which it started in either building. 
Nevertheless; their enormous population makes the construction of stairways in such buildings 
mandatory; whether special laws require it or not. They should be designed as simple in 
construction aa possible, with easy flights and a standard pitch. 

If any stairs in a hotel are in general use, they are those connecting the main floors, ordi¬ 
narily the lower floors, where the same conditions practically prevail as those in public buildings. 
Here the stairways may properly be fewer in number and wider, with less than standard pitch, 
and more expensive. Almost the same conditions occur in some office buildings, particularly 
where banks or other rooms of a public character are located on the second floor. In both 
hotels and office buildings, such stairways are sometimes made elaborate in architectural design 
and ornamentation, but such an expenditure would be worse than wasted in the upper stories 
particularly if it in any degree lessened their value as an exit. Similar conditions prevail in 
apartment houses, and stairways in such buildings should be designed on the same basis as in 
hotels 

Mill and factory buildings present still another problem, particularly where they are not 
served with elevators. In such buildings the stairs are used to their full limit, both up and 
down, at certain hours in the day, and it is this use of the stairs, rather than their need as a safe 
exit in case of Are, that should control the design. All such buildings should have at least two 
lines of stairways from roof to street, and this rule should hold regardless of the size of the build¬ 
ing. In such buildings the possibility of a temporary obstruction of a stairway is greater than 
in other buildings, and the two stairways serve also to meet that difficulty. 

Factory stairs should be standard pitch, more commodious than stairs in office buildings, 
and as simple and substantial in construction as possible. Stairway s in loft buildings should 
properly be treated the same as in factories, for such buildings are particularly available for the 
making of clothing and other light manufacturing. It is not sufficient that the owner of a loft 
building intends it for some other use, for buildings stay, and owners and conditions change. 

In large cities, the number and width of stairs for most buildings are fixed by the building laws, and they 
must be known and followed; but in some places building laws are wanting and in others they are incomplete. 
In any case, the design of the stairways of an important building should be based on its population, whether legal 
requirements compel it or not. For the determination of populations of different floors of fireproof buildings, the 
areas considered should be rooms enclosed by walls or partitions of fireproof materials; and corridors, halls, entrances 
and other areas unusuable for the pui^roses of the building should not be included. The New York law provides 
that the population in any one floor of a flreptoof building shall be taken as being one person for every 10 sq, ft. in 
places of assembly, every 15 sq. ft. in schools and courthouses, 25 sq. ft. in stores, 32 sq. ft. in factories. 50 sq. ft. 
in office buildings, and every 100 sq. ft. in hotels. This is probably the best authority obtainable and it is the best 
practice in present construction. The population of single floor areas of fireproof buildings of different types and 
sisea on this basis is as foUous; 


Population per Floor for the Different Areas per Individual 


Usable floor 
areas, 

(sq. ft.) 

Public 

assembly, 

10 sq. ft. 

Schools, 

courthouses 

15 sq. ft. 

Stores 

25 sq. ft. 

Factories, 
work rooms 
32 sq. ft. 

Offices, 

50 sq. ft. 

Hotels 

100 sq. ft. 

3,000 

300 

200 

120 

94 

60 

30 

4,000 

400 

206 

160 

125 

80 

40 

5,000 

500 

333 

200 

156 

100 

50 

6,000 { 

COO 

400 

240 

187 

120 

60 

7,000 

700 


280 

219 

140 

70 

8,000 

800 


820 

250 

160 

80 

9,000 

900 



281 

180 

90 

10,000 

1000 


..« 

312 

200 

100 

11,000 

• * • • 




220 

110 

12,000 

« » » • 


... 

... 

240 

120 

13,000 



... 

... 

260 

130 
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No stairway should be less than 3 ft. 0 in wide, nor less than the stairway in the story above. In general, it is 
better to have two stairways 3 ft. 0 in. wide than one 7 ft. wide. No building having 3CXX) sq. ft. of usable floor area 
on one floor should have less than two separate stairways. The stairways of most buildings should be sufficient 
in number and width to provide standing space for the population of the floor which they immediate serve, or 
nearly so. when occupied to their full capacity. 

In a building of ordinary ceiling height, an enclosed s^rway 3 ft. 0 in. wide with one half-turn landing and a 
hallway at the floor level of moderate sise will afford standing space for 45 peo|de. and each additional 0 in. in width 
of stairway will afford standing space for 10 additional people. Accordingly, a stairway 6 ft. wide will provide 
standing space for 75 people, and one 7 ft. wide for 115 people. New York regulations allow not more than one 
person for each 22 in of stair width, and 1 H treads on the stair p oper, and not more than one person for 
each 3>i sq. ft. on landings and halls within the stairway space; and the floor served can not be occupied by more 
persons than this requirement will permit. The two methods of determining the capacity of stairs give sub¬ 
stantially the same results. 

On the basis of 45 people for a stairway 3 ft. 0 in. wide and 10 additional people for each 6 in. additional width, 
and the general provisions and limitations, the number and widths of stairways for different sises and types of 
buildings may properly be made as given in the following tabulations: 


Number of Stairways and Width of Each 


Usable floor area | 

Schools, ) 

Stores 

Factories, 

Office 

Hotels 

(»q. ft ) 1 

courthouses < 

I 

work rooms 

buildings 

1 

3,000 1 

1 

2-0'0" 1 

2-4'6" 

2-4'0'' 

2-3'6” 

2-3'6" 

4,000 

3-6'0 ' 1 

2-5'6" 

2-4'6 

2-3'0" 

2-3'6" 

5,000 1 


2-6'6" 

2-5 0" 

2-4^0'' 

2-3'6" 

6,000 ' 

4-0 0" 

3-6'6" 

3-4 6'' 

2-4 6" 

2-3 6" 

7,000 i 

1 

3-0^" 

3-5'0" 

3-3 6 ' 

2-3'6'' 

8,000 1 



4-4'6" 

3-4'0'' 

2-W 

9,000 



4-6'0' 1 


2-3'6" 

10,000 



4-,5'6" 

4-4'0 ' 

2-4'0" 

11,000 




4-4 0 " 

2-4 O'' 

12,000 i 




4 4T)" 

! 3-3'6 

13,000 < 




4-4'0" 

1 

.3~3'0'^ 


Practice differs as regards fixing the width of stairs in places of public assembly, and is not so exacting as for 
other buildings. The New York requirements call for a stairway 4 ft. wide in the oImt between railings or walls 
for 50 people, and allow 50 additional people for every additional 0 in. width of stairway. 

This difference is reasonable for most places of public assembly are designed so that the stairways serve only one 
level, or, at the most, only two levels; whereas the stairways of the other types of buildings serve many levels, and 
if their stairwairs are not sufficient to accommodate the entire population of the building at one time, or nearly so, 
in case of great emergency, disaster would be certain. 

Where sprinkler systems are installed in fireproof buildings, the stairway requirements may properly be re¬ 
duced, and it is so provided under the New York Building Law. On the other hand, if the buildings are not fire> 
proof, the stairway requirements should be increased. The amount of reduction to be permitted in one case, and 
the amount of increased requirements in the other ease, depend upon the conditions, and whether those conditions 
sre likely to be permanent. 

332. Locations of Stairways.—dwellmga, the main stairway ordinarily occupkis a cen¬ 
tral and prominent place in the hotu«. In buildings of the old Colonial type, the mam floor is 
divided into two parts by the hall, and the main stairway is located in this room, or it is directly 
connected to it. In most government buildings, school houses, churches, theatres, railway 
stations, and other buildings of a public character, the locations of the stainn ays are fixed by the 
design of the building. To change the location would mean to rEKksign the building, or, at 
least, to make material changes in other Important parts of it. To make ingmss and egress 
easy, and travd in public buildings convenient and comfortable, is one of the most Impor¬ 
tant eomderations in the design of such buildings, and the arrangement of stairways and pas* 
eagsways must be worked out as a part of the general design. This is not true td all 
bniUmgs. The general scheme of a hotel or an office bdlding can crftm be attmnge^ 
mmk regard to the location of the stairs—ibat is to say, they can be figured into the design in 
variotis nays withoiitmatetiaUy altering the general scheme of the buiUUi^ 

tail) stairways are required, should not be near each other, and if there am more 
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than two, they should be well separated and placed so as to afford the easiest and quickest serv¬ 
ice possible to the building as a whole. The distribution of stairways is particularly important 
in the design of large factory buildings. It may be materially to the advantage or to the dis¬ 
advantage of the business in the building. Such stairways should be located so that there will 
be little or no interference in passage from work to stairs, from work to locker or wash rooms, 
and from such rooms to stairs. Stairways should never be located around or adjacent to ele¬ 
vator shafts without solid walls between them. 

A double or interlookioc staircase has been devised that makes a very ingenious economy of space. The two 
stairways occupy the same space that either of them alone would require. The arrangement can not be used unless 
the floors are 16 or 17 ft. or more above each other, and it is particularly adaptable for exits for theatres, school 
houses, and other public buildings, when ceUings are high. Fig. 382 shows how this stair is constructed. The 
arrangement increases the fire risk, and in some placra might be pro¬ 
hibited, but if the enclosure walls are properly made and particularly if 
the entrances are protected by intermediate corridors, or otherwise, the 
danger of smoke might be suffioiently eliminated to remove this difficulty. 

238. Landings and Winders.—Winding steps should 
never be used in newel stairs, and in some cities they are 
prohibited by law, except in ornamental construction where 
the use of the stair is not very important. Winders have 
been used in American practice a very great deal in dwell¬ 
ing house construction, in order to economize space and to 
save expense in construction, but it is a very bad practice. 

It is more difficult to go up and down such stairs, and the 
danger of falling on the stairs is very greatly increased. 

Winding st^ipn are a necessary part of curved stairs, and in such 
construction the width of the tread should be limited. It should be the 
same width as the treads of other steps, about 2 ft. out from the hand 
rail, or the inside of the stair, which is about the ordinary line of travel. 

The average width, if the stairs are not too wide, should be not greater 
than would be used if the stair were straight, and the minimum width 
should be not less than 6 in. 

Landings should be separated by 4 or 5 steps Square landings 
serve to prevent accidents, and they also serve as resting points going up 
and down stairs. No straight flight of stairs should be more than 10 or 
12 ft. in height without a landing. It is very desirable to have at least 
one landing in every ordinary story, as buildings are constructed in our American cities. 

284. Balustrades and Hand Rails.—Balustrades and hand rails are necessities in the con¬ 
struction of stairways. Even if the stairway is entirely enclosed by walls on both sides, the 
hand rail is an important part of the construction. Without it the danger of injury to people 
umng the stairway would be greatly increased. 

The bnluBtmde offers an exceptional opportunity for decorative work. A great deal of very beautiful work in 
the oonatruetion of balusters and newel poets has been worked into some of the old Colonial etaircasee. In the 
lower atoriee of office buildings and hotels, and particularly in public buildings, the balustrades are often made of 
atone, marble, or bronse, massive and sometimes very rich in design. In all buildings, balustrades and hand rails 
ahould be made substantial and strong enough to maintain their position under any kind of a strain. Wide 
stairways should have a hand rail on both sides, either as a part of the balustrade or fastened to the wall, and in 
publio places where the stairs ars in constant use by large numbers of people, very wide stairs should have an intep* 
mediate hand rail. 

288. Stairway Encloaurea. —In the early history of high building construction in our 
American cities, it was considered quite the proper thing to build the stairw ays around elevator 
shafts, with nothing between them but a light iron screen. The folly of this construction, 
however, became quickly apparent. The openings from floor to floor, which they afforded, 
became the flues for smoke and rapid spread of any fire in the building. The next step in this 
evolution whs the separation of the stairs from the elevators. They were placed in or adjoin- 
ihg the eorridovs of the building. This was better, but the wrell hole in the stairway was still 
an element of danger in oaee of fire. The only construction of stairs which can be depended 
upon to make them a sale eidt, reasonably free from smoke, is their construction within enclosing 



Fig. 382 —Double or interlocking stair. 
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walls. Our best building laws require the enclosure walls in all high buildings. The con* 
struction of such shafts is treated in the following chapter. 

236. Materials, Details, and Methods of Construction.—In most cities the building laws 
require stairs to be constructed entirely of incombustible material, except in frame buildings and 
in non>fireproof buildings of moderate size. Ail such stairs are supported by iron strings, or 
they are made of reinforced concrete construction. If they are supported by iron strings, the 
treads should be made of solid steel or cast-iron plates. Marble, slate, or other stone should 
not be used for finish treads without such plates under them. The reason for this is obvious; 
in case of fire the stone treads are likely to crack or break from heat or water. In the most 
economical construction of this character, the ^ 
treads and risers are made of stamped steel 

plates in different forms, some of which are -T (T 1 

arranged to carry cement treads. j 1 I 







Detail cfStaH" and banding fZtoe 
Stnngs of Platf<7rme 


Fia. 383.—Typical stairway in the Commodore 
Hotel, New York City. 


Figs. 383 to 387 inclusive show the plan, section and details of the construction of a typical 
stairway in the Commodore Hotel in New York City. These figures give the actual measure¬ 
ments that are used, the enclosing walls, the structural iron that supported them, and the sup¬ 
port of the stairs. It is given as a n exceptionally good exam pi of a very economical construction; 
but thoroughly substantial and fully meeting all the requirements of the building laws. 

The stair comes very near being a dogged-leg stair. The open space between the hand rails, 
as shown on Fig. 387, is only about 1 in., and between the iron strings about 3 in. One newel 
post serves both the upward and the downward flights of the stairs. It is carried on the 8-in. 
beam at the floor and on an 8-in. channel at the landing, and held in place by bolts directly 
through the post and the webs of the structural members. 

The height of the stair from floor to floor is 10 ft. 6 in.; there are 17 risers, each 7.41 in. 
high. The treads are 10 in. wide. The treads and risers and the landing are made of sheet steel 
stamped to form, and covered with cement. 

These stairways are in the middle of the building, artificially lighted day and night. As 
the elevator service in the building is ample, both for the guests and for the service of the building, 
these stairways are not likely to be much used, except in some possible emergency. 

Beinloaved conorete ttairwayv m particularly adaptable to buildinge made of reinforced concrete oonetructionf 
and are often more economical than iron etaiia.* When all the materiiUe and equipment are at hand and in uee in 
the co^Mtruet|on of the fiooft and walls of the bugcUng. the additional concrete in the stair construction esa be put in 
ifTor iWdesign of leinforeed concrete stain, see Sect. 2, Art. tS. 
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place for the actual coet of the material and labor required, without overhead chargee. Moreover, in a building of 
reinforced concrete construction, stairways of the same material can be designed so that they will become an integral 
part of the structure. The common method of construction is an inclined slab of concrete with the form of the stair 
molded on the upper side, the thinnest part of the slab made thick enough and the reinforcement made sufficient to 
meet all requirements of strength. Reinforced concrete stairways can be adapted to difficult conditions often times 
quite as easily as to simple ones, which would not be the case in iron construction. The slab can be made to in* 




Fio. 386. 


n 


Nt¥V 0 /posf and 
sfairsfnn^ar 
connacfion 



NemI posf and 
hand rail 
connection 


Fio. 386. 


Fio. 387. 


elude landings, and special wall or column construction in any way that may be desired without adding materially 
to the cost. Almost any combination of constructions desired is practicable with this material. 

Fig 388 shows a sanitary stair of reinforced concrete construction, with all parts covered with terrasso. Such 
a stair is particularly desirable in a hospital. The terrasso work can be carried up the wall, if desired, to form a wain* 
Bcotting. In the finish, the entire stair b one piece without a crack and, if wanted, without a square comer to catch 
and h<dd the dirt. The same thing can be made with a cement finish for factories or other buildings where the 
terrasso is too expensive. It is a form of 
construction that can not be adapted to 
iron stairs. A stream of water can be 
turned on such a stair without any disad* 
vantage. 

The reinforced concrete part of the 
stidr is poured in wood forms after the 
reinforcing rods have been put in place, 
and left in the rough. After the forms are 
removed the finish lines are carefully de¬ 
termined, and the terrasso is molded in 
place with tools made to fit the comers 
and projections as may be required. 

Stairways in dwellings are generally 
made of wood, and their eonstmction 
requires the most skillful joinery known. 

Indeed, so great is the demand for skill in 
such work that most of it is done by men who do no other kind of work. 

Except in massive work where the balustrate is made of stone, hand rails are mostly made of wood. In faotories, 
boipitals, and other buildings where the appearance and finish of the work will permit, the structural work is exposed, 
iAd in reinforced eonorete stair work the risers and treads can be finished in cement or terrasso. In finer work, 
iron or steel strings are covered with oast«iron facia, and treads should properly finish with a wall string of the same 
material. The balustrades of stairs made of incombustiUe material, excepting the hand rail, are usually made of 
Inm or bronss. 

BhMififihcmId bo csUoulatod to cairy 100 lb. per oq. It. of livo load, and all details of their construction should bo 
dmmloped with the samt sate that is given to fioor eonstmetion* 

41 



Fig. 388. 
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SHAFTS IN BUILDINGS 

By Cobydon T. Pubd\ 

The importance of enclosing stairways and elevators with fireproof walls has been evolved 
along with the other features of modern construction^ but more slowly than most of them. When 
we had only five story buildings, no point was made of it. For years afterward the stairv^ ay 
around an open elevator was considered the proper construction by the best architects, and it 
is onl 3 '' a few years since we stopped building elevators fronted with open grilles, and stariways 
in open corridors. Now enclosures are required in many places, and should be everywhere. 

The one thing that has forced this evolution, step by step, is the growing appreciation of 
the necessity of enclosure walls for the preservation of life. The open elevator or stairway, in 
case of fire, became a flue that drew the fire to itself, making it the worst place for travel in¬ 
stead of the best. If it did not get the fire, it did get the smoke, and in one fire in a New York 
hotel, several lives were lost in a few nnnutes on this account, when practically no damage was 
done to the building. 

All openings in floors should be enclosed with walls, forming vertical shafts, except (O 
small openings for ducts and flues for which requirements vary. (2) openings for stairways in 
the first storj" of ci^v buildings, and (3) stairways in dwellings. There should be very few other 
exceptions. 

237. Kinds of Shafts.—Shafts are open and closed. Open shafts are open to the air—that is, 
they are not covered with a roof or any other kind of covering. Closed shafts are roofed in and 
completely covered at the top. 

In general, there are five kinds of shafts: light shafts, vent shafts, dumb-W'aiter shafts, 
elevator shafts, and shafts formed by stair enclosures. laght and vent shafts are constructed 
both open and closed, the others being always closed. 

238. Open Shafts.—Open shafts are made for purposes of ventilation and light. Tlie> 
should be enclosed with walls similar to those required for the exterior constmetion of the 
building, except if the shaft is small, in which case some reduction in thickness of walls may 
be allowed provided that by so doing there is no depreciation in the strength of the structure 
as a whole. All openings in such shafts should be protected from fire, whether the building be 
fireproof or not, and windows should have fireproof construction, wire glass, and fire shutters. 

239. Closed Shafts.—Small vent and dumb-waiter shafts should be enclosed with walls 
made the same as partitions ordinarily required in fireproof buildings. Vent shafts should 
have no openings, except for ventilation purposes, including windows, and dumb-waiter shafts 
should have no openings except the doom for the dumb-waiter service. These openings should 
have iron or concrete frames, and fireproof doors and windotvs. Such shafts should also have 
fireproof construction at the top and bottom. This fireproof construction works both ways. 
It prevents the fire from getting into the shaft, and then if the fire does enter the shaft, it holds 
it in and prevents the spread of the fire on the floors above. The complete enclosure of the 
shaft at the bottom prevents the entrance of the fire at the most dangerous point. The opening 
at the top of vent shafts for the ventilation may be accomplished by sufficient openings on the 
sides made permanent in the wall construction; or by ventilating windows or skyli^ts. 

Owing to the possibility of the improper construction of dumb-waiter shafts, or faults 
arising from age or use, they may become a means of spreading fire, particularly in non-fireproof 
buildings, and to meet this possibility, in some cities it is required that such shafts, when 
extending to the top story, shall be covered with skylights so that they may be aocessibie at the 
top in case of fire. 

210. Stairway Bndoaisrea.—The kind of an enclosure required for a stairway depends upon 
the siae and construction of the building, its use, and to some extent on outside conditions. In 
hi|^ buSdings serving a large population, they should be of the best type of eonabruction. 
This is true of most buildings in our large dtiea, but in buildings 3 or 4 stories high, of ordinary 
construction, with brick exterior walls and with floors and roof supported by wood joists, any 
dow^Miruing cuckMsire wall answers the purpose as well as one made of fiteproerf materials. 
In I flre, the people will pass out of the buflidiiig before tbs enolosuie is buniedi It is 
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impossible to make a rule that will apply to all cases, determining under what conditions the 
cheaper enclosure is applicable, but open stairways should not extend through more than three 
stories in any kind of a building, in city or count^ 3 ^ In New York City not more than two stories 
in any building can be connected by an open weU or unenclosed stairway, and access to stairway 
enclosures in high buildings must be provided at each story through outside balconies or fire¬ 
proof vestibules. Both the arrangement and the construction of stairway enclosures in high 
buildings should be such as will under the worst conditions ensure the safety of those who use 
them. 

Slow*burning encloBures can be made in varioua ways—with wood studding and wire lath and plaster, or of solid 
wood several layers thick, or otherwise. 

Fireproof enclosure walls should be made better than the ordinary partitions of so-called fireproof buildings- 
In buildings that are not fireproof, they should be self-supporting from the foundation upward, the same as exterior 
walls, and made of materials that will meet all requirements of strength, as well as of fire resistance. In fireproof 
buildings, enclosure walls can be carried from floor to floor on the fireproof floor construction, or on the steel or 
reinforced concrete framing. Under the New York building law the enclosing walls and the floors and ceilings of 
stairway enclosures in high buildings must be made of brick or concrete 8 in. thick. Other materials, however, 
might properly be used in such construction when permitted by building regulations; but they should be reliable 
structurally and otherwise, to withstand any fire effects. 

Enclosure walls in fireproof buildings should also be well constructed. All mortar used in making them should 
be cement mortar. Their support and connection at floors and ceilings should be substantial and sufficient to 
resist any destructive fmree that the wall itself will resist. Metal studding should project into both floor and ceiling, 
and be cemented in place; the work should be so designed that beams or other steel construction will not project 
through the enclosure walls. At all points, the metal of the steel frame should be covered by at least in- of 
fireproofing material. 

Openings in such enclosure walls should be made with corresponding care. The edges of the openings should 
be reinforced with steel to insure the strength of the wall against the weakening effect of the opening. Door and 
window frames should be made of metal, of wood covered with metal, of fireproofed wood, or of their equal as a fire 
resisting material. The doors and sash shoiud likewise be made of fire resisting materials. The windows should be 
provided with iron shutters. Glass, wherever it is used, should be wire glass, and if windows are badly exposed, 
the glass should be in two thicknesses, separated by at least 1 in. of air space. Insurance codes should be consulted 
in regard to maximum sixes of wire glass permitted. Sash should be fitted with automatic self-closing deviees. 
Doors should open outwardly and should be self-closing. They should not be locked when the building is inhabited. 
Each story in such an enclosure should be provided with artificial light, which should be as independent as possible 
of the other lighting in the building, and as fully protected as possible from injury by any fire likely to occur in the 
building, from within or without. 

The above specification is for the best construction, but these enclosures are a small part of the entire construc¬ 
tion oi a building, and the additional cost that they incur is not a large part of the total cost of the building. The 
evolution ol stair construction has now reached the stage in which the public demands the best in these particulars. 

The construction demanded for stair enclosures in factories and loft buildings and other places where workmen 
and workwomen cemgregate is, in all its essential elements, the same as required for hotels and office buildings, and 
as complete as herein specified. The finish may be omitted, and the work may be left in the rough, but the construc¬ 
tion should be equally substantial and the prevention of smoke equally certain. 

Some building laws require **fijre towers.** A *'fire tower** is an enclosed stairway, as above specified, with 
both its doors and windows opening to the outside of the building, and at a point that is not badly exposed by a fire 
in another building. Fire towers should be connected at each floor to a nearby exit doorway from the building. 
The balconies required to make the connection should be made of substantial fireproof construction, and as wide 
AS the corridors or stairs which they serve. 

The complete enclosure of stairway shafts in city buildings should continue to the ground floor, with an exit 
leading as directly as possible to the outside of the building. Such stairwase should also continue to the roof, where 
they should be enclosed with a substantial fireproof oonatruction with a akylight or windows 

841« Elevator Slialts.—The walls of elevator shafts and the fireproofing of surrounding 
and supporting structural members should be made with the same core and good workmanship 
called for in the construction of stairway enclosures. One is quite as important as the other. 
If there are only two elevators in a building, they should have separate shafts. New York 
City does not permit more than two elevators in one shaft, and whether there is any regulation 
in regard to it or not* the separation of elevators in large city buildings into two or three or mom 
shafts is very desiralde. 

The si«e of elevators, as well as tlunr number, d<‘p<‘nds upon the seivice required. These 
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factors must be determined or assumed before the number and size of the shafts can be fixed. 
The horizontal clearance in the shafts, at the sides of the elevators, depends upon the size or 
character of the guides or rails which are used and the construction of the car, and the clearance 
required behind the car for the counterweight depends upon the size of the counterweight. A 
clearance of 3H on each side of the car is the least allowance for iron rails and a recessed 
car. If the rails are extra heavy or their supports unusually difficult, this clearance must be 
increased. Wood rails require more clearance than iron rails. If the pilaster effect in a car 
on account of making a recess for the guides is objectionable, and the side of the car is made 
straight, a 6-in. clearance is the least that sliould be allowed, even with iron guides. 

The space required for counterweights is never less than 8H in., and a greater allowance is 
desirable. A clearance of to 1 in. in front of the car should also be allowed. New York 
City does not permit more than in. If the threshold of the doorway is constructed to 
project into the area of the shaft to make this clearance satisfactory, the under side of the pro¬ 
jection should be beveled to the line of the shaft as a measure of safety. 

The above clearances are on the basis of elevator guides on the sides of the car and counter¬ 
weights in the same shaft. Corner guides are very undesirable, and counterweights in separate 
shafts where they can not be readily seen are also objectionable. The simplest arrangement of 
these details is the best and ordinarily the most economical in construction. If an elevator 
shaft is constructed with given clearances for a proposed size of car, it is necessary that the 
erection of the shaft construction be perfectly plumb to permit the size of car as proposed. If 
the shaft is not plumb, the size of the car will have to be reduced, for the guides must be vertical 
whether the walls of the shaft are or not. 

The clearance required overhead for the car depends upon the speed of the elevator. The 
New York regulations call for 2 ft. when the speed is not over 100 ft. per minute, and 5 ft. if 
the speed exceeds 350 ft. per minute, and these regulations represent the best practice. The 
clearance is measured from the top of the car, when it is in position at the top floor of the build¬ 
ing, to the under part of the lowest overhead construction. The clearance overhead for the 
counterweights depends upon the type of the elevator. The New York regulations require not 
less than 6 in. for traction and hydraulic elevators, and not less than 3 ft. for drum type ele¬ 
vators, when the pit buffer is completely compressed. If the shaft is covered with a floor under 
the construction supporting the machinery, these clearance measurements would be to the 
under part of the floor. They should in any case be ample, and the extra expense for making 
them so is ordinarily not worth considering. 

Most building laws require a grating or floor construction under the overhead sheaves 
and their supports. Whether this is required or not, such construction is desirable and it should 
be made substantial. The best method is to make a concrete floor provided with grated open¬ 
ings under the lowest sheaves and under the lowest supporting sheave beams, covering the 
entire area of the shaft. The grating is desirable to permit of the exit of smoke that might find 
its way into the shaft in spite of all efforts to prevent it. The grating should be sufficiently 
close to prevent ordinary tools from falling through. 

Ordinarily 8-ft. head room above this overhead floor will afford ample room for the sheaves 
and their supports and for taking care of them. If the machinery is over the elevators, this 
space should be increased 3 or 4 ft., and a separate floor should be constructed immediately 
under the machinery. If the machines are over the elevators, the room containing the ma¬ 
chines should be incorporated into the shaft construction, and in either case, all the overhead 
construction should be thoroughly fireproof and substantial, and should be well lighted with 
skylights or windows. 

No rules can be made for the framing around elevator shafts in either steel or reinforced 
concrete construction. Nearly every building is a new problem. Guide rails should be sup¬ 
ported every 12 or 15 ft., and where story heights are greater, the framing of an intermediate 
support is necessary. 

In detigning n large building, it it important to obtain a preliminary layout lor the elevators from some manu- 
faotuier of elevators before completing the design. From such a layout the elevator loads, taken into the columns, 
can be determine and provided for, and any change in the layout made afterwards Is not likely to materially alter 
jthe <|^tributibn of the loads so determined. 
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When the elevator machinery is in the basement, the total load for each elevator is equal to the weight of the 
car. plus a live load of 75 lb. per sq. ft. of car floor, multiplied by 2, plus the weight of the cables. The weight of 
the car and its live load is multiplied by 2 to cover the counterbalance and lifting load. The total load to be taken 
care of in the construction of the building is two times this result. The second multiplication by 2 covers impact 
and other minor factors. 

When the elevator machinery is at the top of the building, the load is somewhat reduced so far as the lifting 
is concerned, but the weight of the machinery itself,Vhich is considerable, is added. The framework provided for 
the support of the beams which carry the sheaves, is regarded as a part of the construction of the building. Very 
heavy beams are sometimes required for this purpose. The requirements must be determined from the layout 
of the elevators, and if the original calculation is made from a preliminary layout, the design should be re>examined 
when the final layout is provided. The beams that carry the sheaves, ordinarily termed "sheave beams," are in¬ 
cluded as a part of the elevator contract, and not a part of the construction of the building. 

All elevators have buffers and must be constructed with pits, or with extensions of the elevator shaft below 
the lowest level to which the elevator is to descend. If the elevator is to stop at the first floor, and there is a 
basement in the building, and it is desirable, it will be sufficient to extend the elevator shaft to the basement floor, 
and to construct the walls with a doorway from the basement into the shaft. Two or more shafts of this character 
adjoining each other should be connected in the basement by doorways. If the machinery is in the basement, the 
machine room should be of fireproof construction adjoining the shafts, and connected to them by doorways in the 
basement. 

If it is desired to have one or more elevators run to the basement, the shafts should be constructed with the 
pits below the basement floor the full sise of the shaft. These pits should be made of masonry, waterproof, and not 
less than 4 ft. in depth. If the speed of the car exceeds 400 ft. per minute, the pit should be 6 ft. deep. There are 
two things that may make the construction of these pibi difficult: (1) the possible effect they may have upon the 
design of the foundations of the building, and (2) the waterproofing of the walls and floor so that the pit shall be 
perfectly dry. The best way to meet the foundation difiieulty is to keep the pit away from the foundations, though 
that may involve the whole scheme of the elevator arrangement. The pit should alwa3n9 be waterproofed, but some¬ 
times the work must be especially well done to keep the pit dry. 


TANKS 

By H. J. Burt 

242. Sprinkler Tanks.—For the highest grade service, two types of tanks are used jointly 
—a pressure tank and a gravity tank. The 'pressure tank provides the high pressure which is 
needed at the beginning of the fire. (In very large installations, it is advisable to make two 
units of the pressure tank.) The gravity tank when used with the pressure tank, furnishes the 
reserve supply, and comes into action when the pressure in the pressure tank has dropped to a 
point where the water will flow from the gravity tank into the pressure tank. The gravity 
tank is set at such an elevation that it will give an effective pressure at the highest sprinkler 
head, though not as great as given by the pressure tank. 

In a less eflScient installation, the gravity tank alone may be used. In cases where only a few heads are in¬ 
stalled, the house tank may be used as a suppl 3 % but the practice should not be followed to any extent, and if used, 
the house tank should be increased in sise and the house connection made at such a height on the tank that there 
will always be a supply of water for the sprinklers that cannot be drawn out for house service. 

The all essential thing about pressure tanks is to have them air-tight, as well as water-tight. 

242a. Location of Sprinkler Tanks.—If ground space is available, and particu¬ 
larly if several buildings are to be served from the gravity tank, it is desirable to make the tank 
structure independent of the building. Steel water-towers, which have been highly developed 
and standardized by a number of manufacturers, are best suited for this purpose. 

If, as is XLSually the case in cities, space outside the building is not available for this struc¬ 
ture, the tanks must be supported on the building. The structural problem of carrying the 
weight will usually govern the location, although in some instances appearance will have an 
influence. The following cases illustrate locations and methods of support: 

On narrow buildinga, say 50 ft. or leas in width, having masonry supporting walls, trusses may be used, span¬ 
ning from wall to wall. The position selected for the trusses will be governed by any other features, such as chim- 
nesrs, pent houses, etc., that need to be cleared. The walls, as normally built, will most likely have the necessary 
strength to carry the load, and to distribute it over a considerable length of foundation. Fig. 389 illustrates a 
structure of this description* 
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Four at the building oolumne, if of fireproofed eteel or oonorete, may be eelected to support the tank, and bo 
aeaigned to carry the additional weight. The weight of the tank etruoture and the water ehould be treated as dead 
load in its effect on the foundations. 

Fig. 390 illustrates a case when the wall of the building furnishes support for one side of the tank structure and 
two new columns have been inserted in the building to support the other side. 

If there are masonry walls enclosing an elevator or stair shaft, they may provide the support for the tank. 
They may, if desired, be extended upward to form a tower enclosing the pressure tank. Fig 391 illustrates such s 
case. 

The pressure tank may be placed in the basement or put underground outside the building In such cases 
it must operate under greater air pressure. Such location makes the piping more complicated if a gravity tank also 
is used. It is not recommended if it can be avoided. 

242&. Supports for Gravity Tanks.—The design of the supports for gravity 
tanks involves gravity loads and vrind loads. Gravity tanks are treated as dead loads, the 
tanks being filled to capacity. No deductions are made as is done for floor loads. Tanks and 
tank structures are usually in exposed situations, and it is recommended that they be designed 
to resist a wind pressure of 30 lb. per sq. ft. on the projected area of tank and supports. 



The gravity and wind stresaes are concurrent. The supports will be designed for the maximum combinations 
of stress. If with an empty tank, the wind produces an uplift at any bearing, suitable anchorage must be supplied. 

The wood tank must be supported on chime joints so out as to clear the ends of the staves and thus receive the 
whole load from the tank bottom. It will generally be advantageous to specify the standard sizes made by local 
wood tank manufacturers. 

It is desirable that supports within the building be fireproof. 

242c. Pressure Tanks.—The pressure tank is a steel cylinder, with segmented 
ends, placed horizontally. The usual working pressure when placed on top of the building is 
75 lb. per sq. in. The tank should be designed for a greatdr pressure, say 100 lb. per sq. in. 

The stress on a longitudinal joint per linear inch is P X r, P being the pressure in pounds 
per square inch and r the radius in inches. The stress on a circumferential joint per linear 

inch is P X 2 * This is the stress on the joint connecting the segmental ends to the cylinder, and 
is also the stress in the head if the head is a full hemisphere. P =: 100 lb. 

Aiiuiao a tank of 6-ft. diameter, or r « 36 in., joint efficiency 50 %, and unit streis 16,000 lb. per sq. in. Then 
th® ^10^ ^ longitudinal joint •« 100 X 36-* 3600 lb. per linear inch, and the thickness of plate required ■* 

(16,000X0.56) * Hs-ia. plote. 

Th6 stresa Sn the loiaing of the segmental end to the cylinder is 100 X 18 - 1800 lb. per Un. in., and the thiek- 
nm of plate required for the segmental end - ( ’ x i; ^ 7 o;go7 ** account of the work re- 

la thaptog the head, it is desirable make it thicker than the computed amount, and to adopt H in. am a 
minim um i 
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Careful deeigning of the riveting of the joints may give an efficiency greater than 50% and thus reduce the 
thickness of plate. 

Under normal working conditions, the pressure tank is % full of water, the other third 
being air space. In giving the capacity, the water space only is indicated. Given the volume 
of water, multiply it by to get total volume of the tank. 

The tanks are set in two saddles made of wood, cast iron, or steel, as shown in Fig. 391. 
These supports should be at approximately the quarter points. The supporting beams should 
be so designed that they will be capable of supporting the tank when full of water. 

The appurtenances, such as manholes, gages, pipe connections, and enclosure, must be as 
required by the regulations of local authorities or the insurance 
representatives. 

242d. Gravity Tanks.—The gravity tank is 
usually a cylindrical tank and may be constructed of steel, 
concrete, or wood. 

The steel tank with a hemispherical bottom is the most 
satisfactory type if conditions permit its use. This type has 
been standardized by a number of manufacturers. Their 
designs can be checked or new designs made as explained in 
Ketchum's Structural Engineers’ Handbook,” p. 447 of 1924 
edition. This form of tank may be used whether set on an 
independent tower outside the building or on a special tower on 
top of the building (see Fig. 392). 

Concrete tanks can be made but are not much used. The 
expense of forms and of constructing the small yardage of 
concrete at such a height, makes them uneconomical. Concrete 
tanks can best be made with flat bottoms. 

Wood tanks are cheapest and least durable, but will give 
good service if well built and well maintained. 

242e. Design of a Cylindrical Gravity Tank.— 
The stress on the longitudinal seam, or section, of a cylindrical 
tank is Pr per linear inch as given on p. 647. If the cylinder 
is vertical, the pressure P at any level is 0.434//, H being the 
depth in feet below the surface of the water. 

Assume for example a tank 16 ft. in diameter, and 20 ft. 
high; then the maximum stress on the cylinder, i.e., just above 
the bottom, = 0.434 X 20 X 8 X 12 =* 833 lb. per lin. in. 



Fio. 392.—General plan of 40,000- 
gallon tank and tower 


This stress must be resisted by the plate of a steel tank, the reinforcing rods of a concrete tank, or 
the hoops of a wood tank. 

For the steel tank^ a unit stress of 16,000 lb. per sq. in. will be used, with 50% eflSi- 

833 

ciency of joint, or 8000 lb. per sq. in. on the gross area. The sectional area required =« « 

0.104 sq. in. This being a section 1 in. high, the thickness required is 0.104 in. A plate 

will be sufficient for the stress, but for surety of calking and durability, or even in. may 
be considered the desirable minimum. 

For the concrete tank, a steel stress of 12,000 lb. per sq. in. will be used. Thus the steel 
833 

required per inch of height is ** ^ods in. in diameter have an 

area of 0.1963 sq. in. and are to be spaced 2^ in. apart at the bottom. Likewise, the spacing and 
size are computed at successive elevations up the sides of the tank. Low unit stresses are used 
for the rods to avoid stretch that might produce minute cracks. 

For the wood tank, a steel stress of 12,000 lb. per sq. in. will be used for the hoops. Then 

833 

the steel required per inch of height is yjgooo ** Bound rods H in. in diameter. 


V 
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having a net area (in the thread) of 0.30 sq. in. can be spaced 4^^ in. centers near the bottom, 
and at wider distances upward toward the top. Round rods must be used; flat bars are not 
permissible on account of rapid corrosion. Low unit stresses are used for the rods to allow for 
initial stress. 

The flat tank bottom can be considered as a series of beams 1 in. wide and designed accord¬ 
ing to the weight of the water and the spacing of the supports. The bottom of a steel tank will 
not be less in thickness than the lowest course of side plates. The bottom of a concrete tank 
will not be less than 3 in. and may be east integral with the supporting beams. 

The bottom of a wood tank will not be less than 1% in. net thickness. 

For details of the design of steel tanks, see Ketchum's “ Structural Engineers* Handbook,*' p. 365. 

For details of the design of concrete tanks, see Hool and Johnson's “Concrete Engineers* Handbook,** p. 705. 

For details of the design of wood tanks, see “Regulations of the National Board of Fire Underwriters for the 
Installations of Gravity and Pressure Tanks.** 

243. House Tanks.—In important buildings it is generally necessary to provide one or 
more tanks for water supply. Various local conditions require their use. The pressure of the 
public supply may not be sufficient to deliver water to the upper Boors, or the public supply 
may be unreliable as to pressure, and it is always subject to accident or to heavy draft for fire 
purposes. Accordingly, the tank is designed to secure the proper pressure for the upper floors 
to which the city supply will not reach, also to act as an equalizer between the pump discharge 
and the building demand and provide a supply for a short period of time in the event of the 
shutting down of the service. The lower floors should be taken care of by the service pressure 
if such does not complicate the piping system. 

The supply may come from a private well; or, treated water may be used for drinking or 
culinary purposes, thus making a tank necessary. 

243a. Capacity of House Tanks.—The capacity required varies with' the uses 
and conditions. No very definite rules can be given. If the pumping plant is automatic, the 
storage need be only enough for two or three hours of maximum use. If the plant requires 
manual operation, two or more pumpiugs a day may be planned. For very small buildings, 
l(X)0-gal. capacity is ample, increasing from this size to 2000 or 2500 gal. Beyond this size, 
it is generally advisable to install two tanks, cross connected and valved so that either may be 
thrown out of service for cleaning purposes. 

It is advisable to make the tank as small as practicable, so that the water may be changed frequently and re> 
main fresh. In large important buildings, such as hotels, etc., it is advisable to provide two services from two street 
fronts if practicable, to avoid interruption in the service to the house tank supply. The available space for the 
tank and the cost of installation may have an influence in deciding the capacity 

2436. Location of House Tanks.—The storage must be of course above the 
highest fixture to be served. The usual location is in the attic space or in a pent-house above 
the roof. In the latter case, it is desirable to locate it adjacent to the elevator pent-house, to 
avoid the building of a separate house. In some cases it may be enclosed in a stairway pent¬ 
house. It should be enclosed for protection against dirt and against freezing. Heating may 
be necessary. 

243c. Construction Materials.—The tank may be constructed of either steel, 
concrete, or wood. Steel is preferable, as it can be readily made water-tight and with reason¬ 
able maintanance will be permanent. Its cost will be greater than concrete or wood. Con¬ 
crete may be used but will require special care in construction to make it water-tight, especially 
at pipe connections. Its use would be appropriate only in a concrete building. 

Wood is the ohespest material, and can be made tight if sufllcient care is used in construction. It cannot be 
considered permanent. Greater security against leakage in rectangular tanks can be secured by lining with sheet 
lead or with copper having soldered joints. The wood is more likely to rot if the tank is lined than if it is unlined. 

243d. Details of House Tanks.—The supply pipe should be run over the top of 
the tank, or its outlet placed at the level of the overflow; otherwise, any failure of its supply or 
leakage through the pump will drain the tank. Connection of the supply pipe to the distribut* 
ing i^rstem is objectionable for the above reason and the added reason that it transmits vibra* 
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tions throughout the distributing system. The outlet should be 2 or 8 in. above the bottom to 
allow for the deposit of sediment, but a drain should be taken from the bottom to sccure thorough 
oleaning when necessary. 

An oversow outlet shall be provided at least 6 in. below the top of the tank. The pipe should be at least as 
large as the supply pipe and should not be oonneoted to the drainage or plumbing system of the building, but should 
discharge on to the roof. 

It is desirable to set the tank in a steel pan, the pan provided with a drain pipe discharging in a conspicuous 
place so that any leakage or overflow will be quickly discovered. This pan is essential for steel tanks on account of 
condensation. The pan should be about 3 in. deep and about 1 ft. larger diameter than the tank. 

A reliable telbtale or gage must be used with ita index in a conspicuous place near the pump or place of control 

243p. House Tank Design —Rectangular Wooden Tanks .—Assume tank 12 ft. 
long, 6 ft. wide and 6 ft. deep (Fig. 393). The unsupported length of side plank is 72 in. Maxi¬ 



mum pressure near bottom of tank is 0.44// « 2.64 lb. per sq. in., or 380 lb. per sq. ft. The 

2.64 X 72 X 72 

bending moment on a strip 1 in. high (as simple beam) = ^-- 1710 in.-lb. 


The appropriate thickness, t, of plank can be determined from this bending moment. Allowing 
a fiber stress of 1400 lb. per sq. in., X 1400f* = 1710. t ~ 2.7 in. Use 8-m. plank (net 
thickness dressed 2% in.). This thickness is suitable for sides, ends, and bottom. 

The buck stay is designed as follows: 

Total load = 6 X 6 X 

Stress in top rod (H) =* 2280 lb. 

Stress in bottom rod « 4560 lb. 

M. (approx.) « ^ X 6840 X 6 - 6130 ft.-lb. = 61,660 in.-lb. 


This reqtiires a 6 X 8-in. timber. 

The maximu m rod stress given above requires 0.28 sq, in. net section computed at 16,000 
lb. per sq. in. but as this rod will have an initial stress due to cinching up the tank and may have 
additional stress from swelling of the wood it is considered expedient to use ^-in. round rod 
having a net area of 0.41 sq. in. 

The vertical rods have no stress from water pressure but have the cinching and swelling 
stresses referred to above. For simplicity of design J^-in. round rods will be used throughout. 

Cyprem, red wood, fir and long leaf pine are auitable for tank eonatniotion. No naila, aorewa, or bolta ahould 
be uaed, the tank being held together with timbers and rods aa ahowa. Silla are uaed to allow eiroulation of air 
under the tank, to avoid decay. The ailla muat be notched if neceeeary eo that the tank bottom will bear directly 
thereon. No painting ia permiaaible on the planka. They are left free to abeorb the water, thua iktSvemtlitg 
idiHnkase and reatdiing leaka, alao preventing decay. The tie rode and fittinge ahould be beavUy painted wHli sad 
lead or asphalt AU jofntoidioiildbeiroovadorapUiiedatMlsetittapaateof whileleadandoil, TaaJm are ioate 
tiimpi Itaed with sheet lead. In this eonstmetiaii the wooden box need not be water-tight as it merely supports the 
M ted wir es, The wood in this ease should be painted on both sides. 
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Rectangular Concrete Tanke »—The pressures aiui their application are the same for concret^e 
tanks as described for wood tanks. Two sets of rods must be used in each slab, placed at right 
angles to each other, whether required by the stresses or not. This is to prevent cracks. 
The vertical rods of the sides and ends should be continuous with the bottom rods, t.e., the rod 
should extend down one side, across the bottom, and up the other side. The horizontal rods 
in the sides and ends should be continuous around the perimeter of the tank and spliced. 

The concrete must be of a very dense mixture to meet both the structural and waterproof requirements. The 
concrete may be made waterproof as explained in Sec. 5, Art. 20. 

The pan for a concrete tank may be made by forming it of a membrane waterproofing laid directly on the 
concrete floor, and covering it carefully with at least 3 in. of concrete. 

Cylindrical Tanks ,—The sizes of cylindrical tanks for house supply are so small that 
minimum sections will generally be used. 

For steel tanks >i-in. plate should be used throughout. 

For concrete tanks, the walls and bottom should be 3 in. thick. The circumferential rods 
should be %-in. rounds spaced 3 in. on centers, and the vertical rods should be of the same 
diameter spaced 1 ft. on centers. For the bottom, %-in. rods should be used, both direc¬ 
tions, spaced 4 in. on centers with the ends bent up into the walls 6 to 8 in. 

For wooden tanks, staves and bottom should be not less than 1)4 in. thick, net. The rods 
should be Ji-in. rounds spaced 6 in. on centers near the bottom and 12 in. maximum near the 
top. 

If the tank is over 10,000 gal. capacity, it should be designed as illustrated in Art. 242e. 

244. Gasolene Tanks.—^Local building regulations should be consulted in regard to gaso¬ 
lene tanks Good practice requires gasolene tanks to be buried in the ground and covered with 
not less than 5 ft. of earth; and to be placed outside the walls of the building. Before being 
placed, tanks should be given a heavy coat of asphalt paint. After being set in place with all 
fittings attached, and before being covered, they should be tested with a pressure of 76 lb. 
per sq. in. 

Gasolene tanks and their fittings are standardized by the manufacturers, and their standards should be fol¬ 
lowed. The thickness of s hell and the riveting can be checked on the basis of the test pressure of 75 lb. per sq. in. 

The size of tank may be limited by municipal regulation. The quantity to be stored can best be determined 
from the needs of the industry served. The ordinary tank-car holds about 10,000 gal. If purchased by the 
car-load, the storage provided should be about 50 % in excess of the car-load. 

If no local regulations govern the construction and placing of the tank, it should conform to the regulations 
of the National Board of Fire Underwriters for the Installation of Containers of Hazardous Liquids. 


WIND BRACING OP BUILDINGS 
By H. J. Burt 

It is assumed that wind pressure acts horizontally and exerts a uniform pressure over the 
entire surface of the windward side of the building. Although in certain localities, as along 
the Gulf Coast, the severe storms come from one direction, it is customary to assume that the 
maximum pressure may be in any direction. In designing wind bracing it is not considered 
necessary to take into account the suction on the leeward side, the greater pressure at the cor¬ 
ners of the building, or the variation of pressure with height. It is, of course, permissible to take 
advantage of the protection afforded by adjacent permanent buildings. 

245. Wind Pressure.—The formula commonly used for expressing the relation between 
wind velocity and pressure is: P “ 0.004F*, in which V is the velocity in miles per hour, and 
P the pressure in pounds per square foot. This formula is of little practical use because of the 
uncertainty of the velocity to be provided for. For 80 miles per hour, it gives a pressure of 26.6 
lb. per sq. ft. 

The pressure most commonly used is 20 lb. per sq. ft. of projected area. This is required 
by building codes of some cities. The City of New York Building Code of 1917 requires 30 lb. 
p^sq. ft. 
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Where legal requirements do not govern, it may be permissible to use 15 lb. per sq. ft. on low mill buildings 
where storm oonditions are not likely to be severe. There are other situations where 30 lb. or even 40 lb. per sq. 
ft. are justified, such as for very high buildings and for buildings having large open spaces with few partitions and 
floors. A high wind pressure should also be used in the design of towers and signs, and for buildings in localities, 
subject to hurricanes. 

246. Effects of Wind Pressure.—The effects of wind pressure are: (a) a tendency to 
overturn the building as a unit, which must be resisted either by the dead weight of the building 
or by anchorage; and (b) a tendency to collapse the building, which must be resisted by the 
structural parts of the building. 

247. Path of Stress.—The wind pressure must ultimately be resisted by the foundations 
of the building. It is applied to the wall surfaces, including windows; it is then transmitted to 
the floors or columns; and thence through the structural framing or cross-walls to the founda¬ 
tions. The path must be continuous and as direct as possible, and all members along the path 
must be capable of transmitting the stress in addition to their other functions. Several alternate 
systems of bracing may be devised for a given building. The one to be preferred structurally 
is that which is most direct from the exposed surface to the foundations, but the architectural 
requirements may compel a more devious routing. Wherever possible, advantage is taken 
of the members required by the gravity loads, enlarging them when necessary. 

248. Unit Stresses.—As maximum wind stresses occur only at infrequent intervals it is 
allowable to use a higher unit stress than for gravity loads. It is well established practice to 
specify that for stresses produced by wind alone or combined with gravity stresses, the units 
may be increased 50%; but the section must be not less than required for the gravity loads. 

249. Resistance to Overturning.—The wind pressure on a building tends to rotate it about 
a horizontal axis at the ground level or at the foundation level on the leeward side. 



Fxq. 394.—Section through mill building to 
illustrate overturning moment of wind load. 

represented by the couple AB^ Fig. 394. 


Assume a masonry building 40 X 100 ft. in plan, and 120 ft. in 
height. The maximum overturning moment about this axis is* 

100 (length) X 120 (height) X 20 (pressure) X 60 (moment 
arm) - 14,400,000 ft -lb. 

To determine the resisting moment, the dead weight must be com¬ 
puted, but for purpose of illustration it is assumed in this case to 
be 6,000,000 lb. The resistance to overturning is: 

Weight X H width « 6,000,000 X 20 « 120,000,000 ft.-lb. 
This gives a wide margin of safety. The ratio of resistance to over¬ 
turning should be not less than IH to 1. 

Assume a steel mill building shown in section. Fig 394. As¬ 
sume panel lengths of 20 ft., and that each panel is fully braced 
transversely. Then the overturning moment is: 

20 X 60 X 20 X 25 - 500,000 ft.-lb. 

Assume that the computed weight of one panel of the building is 
16,000 lb., then its resisting moment is: 

16,000 X 20 - 320,000 ft.-lb. 

The required resistance is IH X 600,000 >*• 760,000 ft.-lb. Thus, 
anchorage must be provided for 750,000 — 320,000 » 430,000 ft.-lb. 
The anchorage and weight of footing required at A" (and B) is 


430,000 

40 


10,760 lb. On the leeward side there is additional pressure on the foundation amountihg to 


600,000 

40 


12,600 lb. 


250. Resistance to Collapse.—In order to prevent collapse from wind pressure, the wind 
bracing must transmit the horizontal wind pressure to the foundations. This can be accom¬ 
plished by two typos of frame work: (1) triangular, Fig. 395, having axial stresses, and (2) 
rectangular or portal framing, Fig. 396, having bending stresses. 

251. Ttiangular Bracing.—The analysis of a single panel of triangular bracing is shown in 
Hg. 397. The wind load is assumed to be concentrated and is represented by W. The hori- 

^ JET 

aontal reaction at the foundation is R ■■ W, The vertical reaction is F ■■ F' ■■ TT "j* The 

itrA stresses in a, 5, and c. The stresses are all axial. 

of triangular bradw may be attended horisontally and vertically by additional 
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panels, as in Fig. 398. The wind pressure is computed for each story and applied at each floor 
and the roof levels, as represented by Wr, IFj, etc. 

Beginning at the top, the stresses in the top story members are determined. The hori- 



Fia. 395. Fia. 396. Fia. 397. 


zontal shear Wr is divided equally between tlie panels of the third story, and the stresses in thi 
members of the third story are determined as described above. If the panels are equal, the 
stresses of corresponding members will be equal. Each intermediate column has two equal and 


opposite values of F, which cancel. The diagonal 
Wr 

stresses are X cosec. a. 

The loads of the third story are transmitted to 
the next lower story at the third floor, by the anti¬ 
reactions Vi and F 4 at columns 1 and 4 and by the 
Wr 

horizontal shear at columns 1, 2, and 3. To these 
Wi 

are added and the second story stresses are de¬ 
termined as before. The diagonal stresses in this 
Wt? 4- Wi 

story are-g- X cosec, 0. 

The horizontal load or shear to be resisted in 
any story or tier, is the sum of all the horizontal 
loads above that tier. 



If the panels are unequal in length, each must Fio. 398 —Diagram of triangular framing 
, , . , i. <rr If • A J* X extending over a building. 

be analyzed, and the values of V for the intermediate 

columns will not fully cancel. However, these values, which are column stresses, will rarely 
require any additions to the column section of the intermediate columns. 

Having determined the stresses, the sections are designed using unit stresses according to 



Fio. 399. 



Fig. 400. 


Art, 248. The diagonals carry wind stresses only. The verticals, which are the building col¬ 
umns, and the horizontals, which are girders or joists, must be investigated for the effect of the 
combined loads and may need to be modified in shape of section or increased in area on account 
of the wind stresses. 
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258. Rectangular Bracing.'—A rectangular frame with hinged joints offers no resistance to 
a horizontal force, but will collapse as indicated in Fig. 390* A rectangular frame with 
rigid joints will resist a horizontal force and tends to distort as shown in Fig. 400. In so dis¬ 
torting, the members take the form of reverse 
curves with points of contraflexure at mid¬ 
length. 

In Fig. 401, assume hinges at the points of 
contraflexure e, /, and g. The bending moments 
at a, by Cy and d, in the verticals and at a and b in 
the horizontal, are equal, with a value of }^WH, 



Fig. 401.—Illuatrating wind load and reactions 
on a stiff bent. 



In addition to the bending stresses, the direct stresses are: yiW (compression) in ab, V = 

(compression) in 6d, and V » (tension) in oc. Fig. 402 is a graphical representation of 

the bending moments. 



This aniUysis ma}' be extended to any number of panels, and any number of stories. This 

is illustrated in Fig. 403. TTi, Wt . Wm represent the wind loads at the several door 

aSalyais hwe giren i« appiteabloi with auffioiant aoouracy, to rootangulsr buildiagi with wiual nptkdxtt0 of 
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and roof levels. Wb\ IFi', Wt^ etc., represent the shears to be resisted by the coliimns in 
the successive stories, and in each case, is the summation of all the wind loads above that level. 
Hsy Hif etc., represent the story heights. 

It is necessary to assume the distribution of the shear among the columns. The assumption 
here made is — for the shear at the intermediate columns, and ^ at the outside columns, 


n being the number of panels. 
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Fto. 404.—Diagram of plan and elevations for computing wind load momenta and ahean. 


The bending moment in an intermediate column in any story equals the total shear in that 
story multiplied by half the story height, and the product divided by the number of panels. 
This is expresed by the formula 

The bending moment in an outside column is one-half that in an intennediate column, or 

.. WH 
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The bending moment in each girder connection at an intermediate column is the mean 
between the bending moments in the column above and below the girder. It is expressed by 
the formula 


= + W\H,) 


The bending moment in a girder connection at the outside column is the same in amount 
as at intermediate columns. 

In the above formulas, a and b refer to two adjacent stories, as the third and fourth. The 
panel length does not affect the value of the bending moments. 

In computing the shears and bending moments, the totals may be computed for each story 
of the entire building and these totals divided among the girder connections and the columns 
which resist them. 



Tabulation of wind loads, and reetilting bending Tabulation of wind loads, and resulting bending 
moments. Wind from North or South. moments. Wind from East or West. 

Pia. 405. 


In addition to the bending stresses, there are axial stresses in the horizontal and vertical 
members. The stresses in the horizontal members are compressive and result from the assumed 
distribution of the shear to the successive columns. Thus, at the third floor level the compressive 
stresses in girders are: 

1 st panel, 11/12W*2', 2nd panel, 9/12TF'j; 3rd panel, 7/12Tr'2, etc. 

The axial stresses in the intermediate columns are zero if the panels are of equal length but 
must be computed for unequal column spaces and the resulting stresses combined with the other 
stresses in the columns. 

The axial stresses in the outside columns can best be determined by treating the structure 
as a qnit, for overturning, as shown in Art. 249. The resulting values of V are stresses that 
must |>e tifJmix into account in designing the coltimns. 
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OlttttrAtion of tho Computation of Wind Bending Momente.-'—Aeaume the building illustrated in Fig. 404. 
The exposed area is from the ground level to the top of the parapet wall, 120 ft. The parapet is assumed in this ease 
to be 5 ft. above the roof level and gives a load area at the roof line equal (approximately) to the load area at 
the typical floor. The wind pressure is taken at 20 lb. per sq. ft. 

It is assumed that the wall construction is strong enough to carry the wind load to the floor levels and that the 
floor construction is capable of distributing the load into the steel framing at the points where the resistance is 
provided. The computations are tabulated in Fig. 405. 

Consider first the wind from north or south. The load at the roof level » 11 X 125 X 20 « 27,500 lb. (Pig. 
405). Similarly, the loads at the successive floors are computed. The accumulated shears in the successive stories 
beginning at the top are 27,500, 55,000, etc. 

The total bending moment in the columns of any story is the shear in that story multiplied by half the story 
height. Thus, in the tenth story, M ■■ 27,500 X 5K “* 151,260 ft.-lb.; in the ninth story, 302,500 ft.-lb. The 
bonding moments here given occur at the top and at the bottom of the column section, equal in amount and opposite 
in direction. In the basement, the moment arm is the story height, it being assumed that the base of the column 
IS not fixed, to resist bending, but is fixed against sliding. 

The total bending moment in the roof girders is the same as the total in the tenth story columns, 151, 250 ft.- 
lb. ; in the tenth story girders it is the sum of the bending moments in the tenth-story and ninth-story columns, 
1 e., 453,700 ft.-lb.; and so on at the successive floor levels. These moments are the totals to be resisted by the 
girder connections to the columns. 

The next step is to fix the number and location of the girder connections that will be provided to resist the 
bending moment. In the north and south direction, provide for wind bracing along the column lines 1 - 36,17 - 42, 
17 — 38, and 19 — 40, Fig. 404, and make all connections of equal strength. This gives 32 girder connections, 
among which to divide the total bending moment at the successive floors. 

Considering next the wind from the east or the west, the shears and moments are computed in the same manner 
as described above and are recorded in Fig. 405. In the east and west directions, wind bracing girders can be used 
along column lines 1 — 7, 17 — 19, and 40 — 42 (or 36 — 38), at the floor levels from the third to the roof; and along 
column lines 1 — 7 and 36 — 42 at the first and second floors. In the upper floors (third to roof) in order to use 
the shortest route for the stress, 40 % will be taken along tne column lines 1 — 7, and 60 % divided equally along the 
column lines 17 — 19 and 30 — 42. Thus, the number of connections available in the first group is 12, and in the 
second group is 8. On this basis, the bending moments to be resisted by the girder connections are computed and 
tabulated. At the first and second floors the bending moment may bo divided equally between the 24 girder con¬ 
nections along tho column lines 1 — 7 and 36 — 42, and are so tabulated. 

If the interior construction permits, it is desirable to use winding bracing along columns 17 —19 in the first 
and second floors. In this case, the same percentage of burden will be assigned to them as in the upper floors— 
t.e., 30 %—and 30 % will be carried along columns 36—42. 

The architectural requirements may permit the interior floor girders to be utilized as wind bracing. In such 
cases, the distributions of the total bending moment will be made according to the conditions. 

If the basement story columns are embedded in masonry walls capable of developing the bending resistance in 
the columns, the first floor girders will be omitted. 


263. Combined Gravity and Wind Bending Moments in Girders. 

263a. Shear.—The vertical shear in a girder, resulting from the wind load, is 
a function of the horizontal shears above and below the girder, of the story heights, and of the 
panel lengths. The shear can be expressed by the formula (Fig. 403) 

TF'affa + 


Shear = 


2nL 


in which a and b are subscripts indicating two adjacent stories, as the third and fourth, n « 
number of panels, and L = panel length. 

To the shear thus determined must be added the shear from the gravity load. The result¬ 
ing total shear is small compared with the bending stresses in the girder and it is not usually 
necessary to take it into account in designing the riveting of the girder connections. It will 
appear in the design of these connections that certain rivets near the axis of the girder get small 
stresses from the bending moment. These rivets can be assumed, or in extreme cases, designed 
to take the shear. 

2636. Bending Stresses.—^The typical bending moment diagrams are shown in 

Fig. 406: 

а. For wind load only. 

б . For gravity load only on a restrained beam. 

€, For combined wind load and gravity load on a restrained beam. 

The end connections for the girder which sustains wind load only must be designed for the 
moment shown in Fig. 406 (a). Both ends will be the same, inasmuch as the numerical values are 
the same and both are subject to reversal of stress when the wind pressure is applied from the 
opposite direction. 
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The end connections for the girder which sustains both wind load and gravity load must be 
designed for the maximum moment shown in Fig. 407, Both ends will be designed for this 
bending moment as the wind pressure may be applied from either direction. 

The girder section will be designed to resist the max¬ 
imum bending moment applying to it. Usually, the 
critical section will be at the end of the end connecting 
bracket where the moment is materially less than at the 



(bj 

Gravity Lood Only 
R«^rain«d Ends 

Fio. 406.—Moment diagram, (a) For wind load, (fr) 
For gravity load on a beam with reetrained ends. 



Combined wind ond Grovliy Loods 

Fio. 407. —Moment diagram for combined loade. 
Maximum bending moment diagram. 
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center or face of the column. If the gravity load moment is large, the maximum, controlling the 
design of the girder, may be near the central part of the beam as shown in Fig. 407. 

264. Design of Wind-bracing Girders and 
Their Connections to Columns.—^The girder section 
is designed in the usual manner to resist the maxi¬ 
mum bending moment. The make-up of the section 
may be influenced by architectural conditions, such 
as vertical space available, character of masonry to 
be supported, etc. To illustrate the design of the 
connections, assume an example as follows (Fig. 
408) 

The maximum bending moment is 400.000 ft.-lb. or 
4,800.000. in.-lb.; the depth of girder is 3 ft. Oyi in. back to 
back of angles; the unit stresses to be used are 50 % in excess of 
those allowed for gravity loads. 

RiveU Ctmntcting Oirder to Column ,—The rivets through 
the end angles and column webs are field driven, ^^-in. diam¬ 
eter, and on the tension side of the girder (above the neutral 
axis in this case) are in tension. As in a beam, the unit fiber 
stress varies from sero at the neutral axis to a maximum at 
the extreme fiber; so the unit stress in these rivets varies firom 
sero at the neutral axis to the maximum allowable amount at 
the farthest rivet. 

Then, if the rivets are equally spaced, the average stress 
is one-half the maximum. The total resistance of the rivets 
is the average value of one rivet multiplied by the number 
of rivets in the tension (or compression) group represented 
by f (or e); the centers of gravity of the groups are at the 
points t and c. The moment arm is the distance a between t 
and c, and the resisting moment is o X f (or c).* The number 
of rivets required is determined by triaL The full value of a 
f^-in. rivet, field driven, in tension is IH times 4400 lb., or 
66001b. Several trials lead to the use of 28 riv^ on each fide 

of the neutral axw. 



Fta.40S/ 


>-X)ssign of wind bracing girder. 


The Tains of ( b - 03,400 lb. 


The moment arm a is 54 in., and the resisting moment of the 
joint is 02,400 X 54 or 4,980,600 in.4b., which is slightly in excess of the bending moment. 

) Taken from Burt’s *'Steri Construction.” 

* This is not exaci, for the livets on the compression side do hot act, the compression being resisted by the 
iirfct bearing of the end of the girder against th^ cdumn. The error is on the safe side. 
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BioeU Connwting Snd Atiffles to OuRttl Plal $.—Now consider the rivets connecting the end anidM to the gneeet 
plate. The method » the same as that for the connections of the end angles to the column, except that the rivets 
are shop driven in doable shear. The required results can easily be obtained by comparison with firid-driven rivets. 
With one row of rivets there will be one-half as many Gess one). One shop rivet in double shear is good tcit 15«S40 
lb. This is greater than the value of two rivets in tension (13,200 lb.), hence the proposed arrangement is sati»> 
factory. It gives greater strength than is required. 

The thickness of gusset plate required to develop the full shearing value of the rivets is ^Hs in. The thickaess 
required for the actual stress is in., which will be used. 




Fio. 410. 


Bonding Siroioea in Connecting Anglee ,—No accurate determination can be made of bending stresses in con¬ 
necting angles, so thickness must be adopted arbitrarily. If the gage line of the rivets is not more than in. from 
the back of the angle, the thickness should be 9^ in. In many cases wide angles with large gage distance must be 
used in order to match the gage lines in the column. A thickness of 1 in. seems to be safe to a gage distance of 
4 in. Intermediate values may be interpolated. 

Gueeet Plate .—The slope of the gusset plate should be about 45 deg., but may vary to suit conditions, such as 
clearance from windows, etc. Stresses in the gusset plate may be imagined to act along the dotted lines shown in 





the figure (Fig. 408). On the tension side of the girder, the plate is in tension, and on the compression side in 
compression. The thickness of plate required for rivet bearing is sufficient to give the necessary strength on the 
tension side, but on the oompression side, stifiener angles may be required. These anglee can be designed accord¬ 
ing to rules similar to those given for the stiffeners of plate girder webs. They should be used when the length 
of the diagonal edge of the plate is more than 30 times the thickness. The leg of the angle against the plate should 
he of sidtahie width lor one row of rivets, say 3, 8H» o*" 4 in. The outstanding leg may vary from 3 to 6 In. A 
thirtimsni of M bt* it usually suitable; it may be made more or less to he consistent with sise and tbiekness of the 
Tw tb, ohm illMtratwt. two SM x 8H X H-ia. will b, oMd. 
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The splioe of the Rusaet to the girder should be in accordance with the usual practice in designing plate girders, 
the splioe being made to transmit the bending and shear at this point. 

In Fig. 409, the web of the girder connects directly against the flange of the column. This form of connection 
is suitable for girders which are deep in proportion to the bending moment which they must resist. The method of 
designing the connection is the same as that explained for Fig. 408, except that the rivets are in single shear instead 
of tension, and that the rivets are not evenly spaced, hence the average resistance may not be one-half the maximum. 
The value of each rivet con be measured from the diagram at m in the figure. Having the values of the several 
rivets, the center of gravity of each group, t.c., the positions of the resultants t and c can be found in the usual 
way. 

When the form of connection shown in Fig 409 is not adequate, a gusset plate can be used connecting directly 
to the flange of the column. It involves no principles or methods different from those already explained. 

End Connections for I-beam Oirdere. —I-beam connections for resisting bending are illustrated in Pigs 410, 
411, and 412. 

The detail in Fig. 410 is similar to the connection shown in P'ig 409. It can develop only a small part of the 
capacity of the beam. 

The detail in Fig. 411 abo can develop only a part of the capacity of the beam, but it is available for making 
use of the floor girders in the upper part of the building fur resisting wind stresses. The strength of this connection 
is limited by the bending resistance of the connecting angles or the strength of the rivets. 

Bracket Connection .—-The connection in Fig 412 can be made to develop the entire net bending resistance of 
the beam (deducting for rivet holes in the flanges). The connection of the brackets to the column is designed in 
the same manner as described for the gusset plate connection. The average value of the rivets is determined from 
the diagram as at m. Fig. 409. In the connection of the brackets to the beam, all the rivets are figured at the max¬ 
imum value. Their resisting moment is their total shear value multiplied by the depth of the beam. 


256. Effect of Wind Stresses on Columns.^ 

255a. Combined Direct and Bending Stresses.—The bending moment on the 
column due to wind loads produces the same sort of stresses as result from the bending moment 
due to eccentric loads or any other cause producing flexure. The ex¬ 
treme fiber stress is computed from the formula 

_ Me 

^ “ 7 ' 

This stress is added to the stresses resulting from the direct and eccen¬ 
tric gravity loads on the column to give the maximum fiber stress. 

The combination of the direct and the bending stress is illustrated in 
Fig. 413. The stress from the direct load is represented by the rectangle 
abed and the unit stress by ah. The stress from bending is represented 
by the triangles bh'o and cc'o, the extreme fiber stress being hi in com¬ 
pression and cc' in tension. Then the maximum fiber stress is on the 
compression side and is ah + hh\ Thus, hh' represents the increase in 
stress due to the wind load. If, as is usually the case, hh' amounts to 
less than half ah, the column section required for the direct load need 
not be increased on account of the wind stress, because of the increased 
units allowed for combined stress. But if hh' exceeds one-half of ah the 
combined stress will govern the design using the increased unit stress. 

On the tension side of the column, the wind stress will ve^ rarely be 
great enough to overcome the direct compression. And if there should 
be a reversal of stress, there cannot be tension enough to require any 
addition to the section. It frequently occurs that the wind bracing 
girder connects to the column in such a position that one side of the column must resist prac¬ 
tically all the wind stress. With these conditions, only one-half the column section should be 
used in computing the resulting extreme fiber stress. 

2556. Design of Column for Combined Stresses.—The procedure in designing 
the column section, when the combined wind and gravity loads govern, is the same as for columns 
wtUi eccentric loads. The equivalent concentric load is given by the formula 

^ Coii 0 tn» 0 do&,*’ puUlshed by Apiertoati IVdtmioftI Society, CSdossa. 
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As applied to wind load (refer to Fig. 414), is the equivalent concentric load, t. e., the direct 
load that would produce the same unit stress; is the horizontal shear which is assumed to be 
carried by the column under consideration and is assumed to be applied at the point of con> 
tradexure of the column; e is the moment arm expressed in inches, hence W*e is the bending 
moment in inch-pounds at the section under consideration; c is the distance from the neutral 
axis of the column to the extreme fiber on the compression side; r is the radius of gyration 
of the column in the direction under consideration. The critical section of the column is at 
the top of the bracket, as the bracket has the effect of enlarging the column section, so the 
distance e is measured to that point. 


To illustrate the use of the formula, assume the following data: direct or gravity load on column is 480.000 lb, 
W' is 13,000 lb.; e is 30 in.; c is 7 in.; and r is 3.5 in. Then 




(13,000) (30) (7) 
■ (3.6) (3.5) 


223,000 lb. 


As this is less than half the gravity load, no additional section is required on account of the wind loads. This will 
usually be the case except possibly at corner colunns. 


256. Masonry Buildings.—Brick buildings with fireproof floors or even with wood floors 
do not ordinarily require wind bracing. The floors, acting as horizontal girders, will carry 
the loads to the end walls which will transmit them to the foundations. Nevertheless, the 
wind loads on such cases should be figured to determine whether any strengthening is required 
at special points. 

267. Wood Frame Buildings.—Ordinary wood frame dwellings and similar buildings are 
sufficiently braced by the sheathing and plastering of the walls and by the partitions. How¬ 
ever, if the building is unusually large or 
subject to unusual exposure, the case 
should be studied, and bracing added if 
any doubt exists. Diagonal members 
can be introduced into the walls and par¬ 
titions, particularly at the corners. If 
such buildings are high compared with 
their width, the ovei*turning resistance 
should be investigated. 

Large frame structures, such as tem¬ 
porary auditoriums, should be provided 
with a definite system of wind bracing 
designed in accordance with the methods 
described for mill buildings, or the prin¬ 
ciples previously described. 

268. Mill Buildings.—A type of 
building much used for storage and 
manufacturing purposes is a one-story 
structure of steel frame construction with 
one or more wide aisles, spanned by roof trusses. The weight of the structure is usually small 
compared with wind pressure. The bracing of such a building is illustrated in Fig. 415. 

If the sides are covered by corrugated steel or other light sheathing, the covering will be 
attached to horizontal girts extending from column to column. They will be designed as 
simple beams to resist the wind pressure. 

258a. Wind Pressure on the End of the Building.—The intermediate end posts 
extend from the ground level to the underside of the truss in the case illustrated, but may ex- 
tend to the roof, the end truss being omitted. These posts are designed as beams to resist the 
wind loads carried to them by the girts. 

The reactions at the tops of the posts and wind load on the lower half area of the gable are 
carried into the horizontal truss, whose chords are the bottom chords of the roof trusses and 
whose web members are as shown in the bottom chord plan. This truss delivers its load into 
the eaves strut which may be a combination of roof purlin, girt, and strut. 
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The wind pressure on the top half area of the gable is carried in the truss in the roof plane. 
This truss is made up of the top chords of the roof trusses and the web members between. The 
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strut at the ridge may be made of the ridge 
purlins suitably stiffened to resist oompres> 
sion. This truss also delivers its load to the 
eaves strut. 

From the eaves strut the load is carried 
to the foundation by the diagonals shown in 
the end panels of the side elevation. 

Some of the diagonal members shown are redundant, 
but are useful in preventing vibration and for bracing 
during erection. The members shown in the unbraced 
panels of the bottom chord of the roof trusses serve to 
hold the bottom chords in line and prevent buckling 



should the wind pres*> 



sure on the sides pro¬ 
duce reversal of stress 
in the bottom chord 
The diagonal members 
may be either adjust¬ 
able rods, or structural 
shapes, the latter be¬ 
ing generally preferred. 

The arrangement- 
of the bracing may be 
varied from that shown 


Fia 415 —Bracing for typical mill building 


to suit conditions 


The important con¬ 
sideration is to provide a continuous path foi the stress from the point of application of the load to the foundations. 


2666. Wind Pressure on the Side of the Building.—For resisting the wind pres¬ 
sure on the side of the building^ each bent is treated as a separate self-supporting unit. For 
method of determining the resulting stresses, see chapter on ^'Detailed Design of a Truss with 
Knee-Braces.” 


BALCONIES 
By H. J. Burt 


A balcony usually involves cantilever beams or brackets. 

209. Cantilevers.—Fig. 416 shows a beam resting on the 
supports A and B, The overhanging end forms a cantilever 
for carrying the balcony load. The maximum bending mom¬ 
ent of the cantilever is at the support B, likewise the maximum 
shear. The bending moments and shears must be computed 
also for the portion of the beam between A and B. After 
computing the bending moments and shears, the beam section 
can be designed in the usual manner. The moments and 
shears are diagrammed in Fig. 416. 

For a steel or wood beam of uniform cross section, the 
bending moments at 0 (Fig. 416} will govern. For a concrete 
beam or slab the reinforcement is arranged to correspond 
with the bending moments throughout the length of the beam. 

The span, the overhang, and the conditions of loading 
may be such that the maximum bending moment occurs at B. 
There may be no negative bending moment between A and B, 
in ifhkh ease there will be an uplift at A. 

V t 





Fro* 416.—StreMCi is s cssti- 
lever bestn. 
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In case it is necessary to have a cantilever steel beam flush on top with the girder, as shown 
in Fig, 417, the cantilever must be spliced to transmit the bending moment. The top flange 
being in tension is spliced with a strap designed to transmit the top flange stress. The bottom 
flange being in compression, maybe spliced by two angles or bent plates as shown, which will 
also transmit the shear into the girder. 



Pia. 417.—Splice in cantilever beam (steel). 



Fio. 418.—Concrete cantilever, monolithic with supporting girder. 


A wood cantilever can be spliced in the same manner, but such a detail is not satisfactory. 
In the similar case with concrete construction, the girder and cantilever are cast mono¬ 
lithic, the rods of the cantilever running through the girder (Fig. 418). 

If the projection of the balcony is large, a cantilever truss is required. This condition 


occurs in theatres. The governing lines 
usually allow ample depth for an economi¬ 
cal truss. Fig. 419 is a diagram of a truss 
for this purpose. 

260. Brackets.—A projecting member 
whose moment is balanced by being con¬ 
nected to some rigid member as a column or 
a wall, is here designated as a bracket, in 
contra-distinction to the cantilever beam 
previously described where the moment of 
the projecting arm is balanced by the 
portion of the beam between the supports A 
and B (Fig. 416). 

Fig. 420 illustrates three types of 
brackets: (o) is a beam section rigidly at¬ 
tached to the supporting member, (6) is a 
triangular bracket whose members are sub¬ 
ject to axial stress, and (c) is a truss. The 



Fio. 419.—Cantilever tniM for a theatre. 



Fio. 420.—Three tsrpee of brackete. 


bending moments and shears for various conditions of loading are the same as for cantilever 
beams. These moments and shears govern the connections of the brackets to the oolumns 
ot other supporting members. The connection to the supporting member is of vital importance 
for type (a), as the small depth of the bracket makes it more difScult to design the necessary 
bsndipg resistaiice for thsi type, than for types (b) and (c). 
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Fig* 421 shows the connection of an I-beam bracket to the face of a column by means of 
top and bottom connecting angles. The bending moments of the bracket load must be bal¬ 
anced by the resisting couple of the rivets through the flanges of the beam acting in shear. It 
must also be balanced by the resisting couple of the rivets connecting the angles to the face of 

the column, the rivets in the top angle being in tension, and 
an equal compressive value being taken at the rivets in the 
bottom angle. These latter rivets are not actually stressed 
from the bending moment, but should be designed to carry 
the direct shear from the load on the bracket. The depth 
of beam used will generally be such as will give sufficient 
h of beam moment arm for the resisting couples. Its section will be 

< greater than is required for the bending moment of the 

bracket, as it is not practicable to devise a connection 
that will develop the full bending resistance of the beam. 

In Fig. 422 a channel bracket is riveted to the face of 
the column. The resisting moment of the rivets should be 
computed as a polar moment about the point p, the rivets 
having the longest radius being talcen at their maximum 
shear value and the others proportionately less. The por¬ 
tion of shear value of the inner rivets not effective in computing the resisting moment can be 
utilized in resisting the direct shear of the bracket load. 

The foregoing principles will apply in detailing other formsof connections of steel beams and 
channels to columns (see Figs. 423A and 423B). 
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Fio. 421 —Conneotion of I-b<»ain 
bracket to face of column. 
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Pig. 422. —Channel bracket riveted 
to face of column. 


Fio 423A —Channel bracket con¬ 
nected to face of column 



Pm 423J? —I-beam bracket on ] 
side of column 


Wood beams are not well suited for use as brackets, but where employed the connections are detailed in a simi¬ 
lar manner. 

Concrete beams used as brackets are cast integrally with the columns These can advantageously be made of 
variable cross section in order to easily develop the necessary shearing and bending resistance at the connection to 
the column, and to meet architectural requirements. Fig 424 illustrates a concrete bracket Being east integral 
with the column, the entire strength of the section adjacent to the column is 
available and is designed in the same manner as a concrete beam. 

The triangular bracket, type (b) Fig. 420, gives a greater effective depth 
than the beam bracket and correspondingly less stress on the connections. In 
Pig. 425 assume the load applied at the end of the bracket. The resisting 
couple u formed by T and C, and the vertical shear at the column connection is 
V. The stresses in the members m and n are determined by the stress diagram, 
and are axial stresses. From the stresses and reactions, the members m and n, 
and the connections, are designed in the usual manner. The case illustrated 
is steel construction. 

The load may be so applied that the top chord is subjected to bending as well 
as direct stress, and it must be so designed. In this case there will be vertical Fxa. 424.—Concrete bracket, 
shear to bs resisted at both the upper and lower connections (Fig. 426). 

The triangular bracket can be made of wood using detaUs similar to those used in wood trusses. The connec¬ 
tions at T and at the outer end of the bracket require careful attention. 

Conenite laay be used for triangular braoki^ts, but there is little need to do so as its advantages can be secured 
in the^beam $ype previously described. 

V 
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The truMed bracket » a development of the triangular bracket. A atrees diagram la required to determine 
the strewee in the tnuw members. The members and connections can then be designed. 

This type is especially adapted to steel construction. It can be built of wood or concrete if the conditions 
warrant. 


P 



Fig, 426.—Triangular bracket Btrcsscs from end load. 



Fig. 427.— firackct on side of plate girder. 



Fig. 426.—Triangular bracket stresses from 
distributed load. 



Fig. 428.—^Floor framing of balcony. 





Fig. 431. —Approximate computa¬ 
tion for curved balcony. 


260a. Effect on Column.—A bracket attached to a column produces a bending 
moment in the column equal to the bending moment of the bracket loads. The column section 
must be designed accordingly by the methods given in the chapters on ^'Bending and Direct 
Stress*’ in Sect. 1. It may be counteracted by a beam or girder connection on the oppomte 
side of the columot so designed as to resist the moment of the bracket* 
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Effect of a Bracket on the Side of a Girder.—It is eometimee necessary 
to attach a bracket to the side of a plate girder (Kg. 427). This produces a tonuonal moment 
in the section of the girder. While the girder may have ample strength to rerat the torsional 
stresses^ it may, nevertheless, deflect laterally beyond permissible limits. It is therefore, de¬ 
sirable to provide a more direct resistance. This can be accomplished by anchors^ into the 
floor construction, by suitable connections of joists, or by beams or brackets extending back to 
an anchorage. Either of these devices acting with the bracket, produces the equivalent of a 
cantilever beam giving a vertical reaction only at the supporting girder. 



Fxo. 432.—Balcony framing plan. 


861. Floor Framing of Balcony.—The cantilevers or brackets serve as the main supportii^ 
members of a balcony. They may be close enough together to serve as the joists, the floor 
construction spanning from one to another (Fig. 428). This is usually the condition when canr 
tilever beams are used. In other cases, the brackets may be equivalent to girders, and joists 
be required to support the floor (Fig. 429). The outer joist or the ends of the bracket may bave 
to support some special load, such as a railing. 

Tlie Soer framiiMr prmmU no problems enentinUy clifferent from tbose distnisseS imder tbe subieot ol Soors. 

Hie nmteriiili ol constnietiim ol tbe esatiJevefS. bmeketo, nad Soors of bsleotiJes will ususliy be fovemed by 
tbe xasteHsIs of tbs itudn stmettm. 

in. Btteades.—Fig. 4l0 iSustrates a eiimd bidooB^. Ute upfMvpud is(riiowB 

havjig jBi|i&wev«r beams for tbe snpportbig members. Ibis form is preferoUe for curved or 
irnsgttifuvdbatied balowiies. 









**■ «t eantaevers, tVie 
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Ry S, Ty and U, The outlines and members of the cantilever trusses and the cross frames are 
shown in Figs. 433 and 434. 

The shape of the top chord of the truss is governed by the slope of the bank of seats and 


A 



Section "AA" 

Fig. 437,—Concrete cantilever. 


the door level back of the seats. At the front is a shallow projecting member to support the 
aisle alapg the balcony rail. The construction at this place must be as thin as it can be made, 
bfiiiiauBe bf sight lines for the seats below the balcony. The shape of the bottom chord is con- 
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trolled by the lower sight lines and clearance for passages and stairways. It is sometimes 
necessary to provide a passage through one or more of the trusses. 

Fig. 435 shows the consrmction of the floor or banks of the balcony. 

A balcony built of reinforced concrete is shown in Figs. 436 and 437. The cantilevers in this case are sup¬ 
ported by a steel girder which spans the entire width of the theatre. At the rear is a passageway through the can¬ 
tilever; in front of this is an opening which serves to reduce the weight, and which may be used as a passage for air 
ducts of the ventilating system. The drawings show the conditions of the problem with sufficient clearness so that 
no detailed explanation is required. 


LONG SPAN CONSTRUCTION FOR OBTAINING LARGE UNOBSTRUCTED 

FLOOR AREAS 

By II. J. Bukt 

For certain purposes it is necessary to have large clear floor areas free from columns. 
Such spaces are required for ball rooms, dining rooms, lobbies, auditoriums, and various special 
situations. 

If the clear space is on the top floor of the building with only the roof to be supported over it, 
trusses or arche.s can be used. This case does no^ come into the purview of this chapter. The 
cases to be considered here are those in which the clear area is in the lower part of the building 
so that large weights must be supported overhead. 



Fig. 438.—Clear space with column omitted full 
height of building. 



264. The General Problem.—The predominant condition is the support of very heavy 
loads. Every case is a special one, so there can be no approach to slandarization. The depth, 
span, and load conditions are such that the shearing stresses, deflections, secondary stresses, 
and details of construction may require special attention. 

266. Examples. —A simple case is the omission of an intermediate column in a lower story. 
There are two solutions of this case shown in Figs. 438 and 439. 

The wslieme ehown in Fig. 438 requbee long-epsn ehaflow girders with relativdy light loads. The depth of 
these firdere will be greater than the short span girders of Fig. 439 and may enoroaeh unduly on the headroom of 
tbe typieal stories. It will be used where there is sufficient headroom and where there is not suffioieflt depth for 
the heavy girder required in the scheme shown in Fig. 439. Deflection may be an important consideration. 
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The eeohnd eoheme requiree a long-epan girder, ueuaUy of limited depth with a heavy oonoentrated load at or 
pear the center of the span. This is usually more economical than the scheme shown in Fig. 438 and is used where 
there is available space for the depth of the girders. 

ftg. 440 gives the details of a girder supporting an offset column and Fig. 441 is a diagram 
showing the position of the column above and the supporting columns below. 



This arrangement occurs at the fourth floor of a IT^etory hotel building.* The upper segment of columns 33 
carries the court wall and floors of the upper stories. The girder section consists of two plate girders tied together 
with batten plates. The use of two girders permits simple connections to the supporting columns without eccentric¬ 
ity. The two webs are needed to carry the shear. The details requiring special attention are the bearing plate 


B 


^g-Q^.NOi^behtir 
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Fto. 441.—Part plan fourth floor framing showing position of offset column, Fort Dearborn Hotel* Chieago* Ill, 

and sriffeneis of the supportei column* the stiffeners at the loaded point designed to carry the load into the girder 
webe» the eosmectlone to the euppeiiing edumae, and the q^eeing of rivete eoaneeting flange anglee to web. 

Figs. 442, 440,444* illustrate a special situation which occurs in hotel buildings. The 
typical &>or layout governs the placing of the columns in the upper stories—they must 

> t Peri Oeerbem Hold, Chioago, HI. u 
^ * Vmifbg Hotel, Xaffiyette, Ind. 

t i t ■ 
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be on one or both sides of the corridor. In the lower stories in this case, two columns 
are not permissible and the single column which is permitted must be under the center of the 
corridor of the upper stories. Hence, there must be an offset at the second floor level. Two 
considerations lead to the use of twin columns above.* (1) the resulting symmetry, shorter 
span, and lighter floor construction of the upper floors; and (2) the smaller shear in the girder 




Fio. 442 —Part sectional elevation showing twin Fia. 443 —Part second floor framing plan showing 
columns above and single columns below position of offset columns. 


carrying the offset. This latter item is quite important in this case as the headroom allowed is 
very limited. Even with the twin columns it was necessary in the design shown to use the con¬ 
crete casing of the steel girder to assist in carrying the load (Fig. 444). In cases of this kind, if 
either of columns d or B (Fig. 442) can be extended through the lower stories, it will be better 



Fio, 444.—Detail of gliders supporting offset columns. 


to use onfer the one ro^ of columns and avoid the girder at the second floor. The girder is 
usually more expensive and objectionable than the unsymmetrical construction above (I^. 
445is an iHusiiiation of this arrangement). If both A and B can be extended through the lower 
itories^ it is advantageous to do so and avoid the girders. 
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The situation at the corners of the building is illustrated in Fig 440 Columns A and B are supported on the 
girder shown in section V-V, The loads of the upper columns are nearly balanced over the lower column, but the 
girder extends to the corner column which takes whatever reaction is required to balai ce the loads. 



Fia 446 —Showing method of avoiding offset columns and PiQ 446 —Offset columns at corner of building 
resulting heavy girders by using unequal panel lengths 



Shmf' 


Pro. 447 —^La Salle Hotel, Chicago, Ill 

The Hotel LaSalle, ChioagOi III., presents a number of examples of clear space requirements, 

Pig,i447 IB a plan of the first fioor, which shows a Lobby about 01 X 74 ft, a Dining ^oom about 61 X 80 ft, 
an^a 9)^6et about 63 X 60 ft. Over the Buffet is a room cn the measanine floor havitig the same dimensions. 
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The Iiobby ia vinder the light court of the building so that the framing over it carries only the roof, but the 
conditions are such that ordinary roof trusses could not be used. The framing used is shown on Pig. 448, There 
are eight brackets projecting from the side columns. These brackets support a rectangle of plate girders, which in 
turn carry the minor framing members. 

The Dining Room is so proportioned that it requires the full height of the first and messanine stories, so that 
no space is available below the second floor for the girders. Very heavy girders are required to support the 18 
floors above. The entire depth of the second story is used for these girders. In this way an overall depth of about 
14 ft. is available for the girders having 50-ft. span. In order to obstruct the second floor space as little as possible 
and to make the space between girders available for use, an opening is provided through each girder for the corridor. 
There are three of these girders spanning between columns 1-2, 3-4, and 6-6 (Fig. 448;. Each supports two main 
building columns as well as the direct loads from the second and third floors. The positions of these girders ore 
shown on Fig. 448 and the design on Fig. 449(r). 



Fia. 448.—Second floor plan. La Salle Hotel, Chicago, III. 


Ths floor over the Buffet is supported by plate girders spanning between columns 7-9 and 10-12 at the mesaa- 
nine floor level. As there is a corresponding clear space on the messanine floor, these girders carry only the messa¬ 
nine floor load. 

Over the clear space of the messanine story, columns 8 and 11 have to be supported (Fig. 448). Column 8 
“ ®*”^®** • Pnir of plate girders (Fig. 4496) erctending below the second floor, but not above it, no obstruction 

above the floor being permissible at this place. Column 11 is carried by a truss whose depth is that of the second 
ttory. It is arranged so that two doorways can be cut through (Fig. 449a). 

The Grand Banquet Hall of the hotel is on the top floor and has only a rool over. Fig. 460 shows the special 
arched truss designed for this purpose. 

Tlie Umvendty Club of Chicago offers several illustrations of large clear spaces. In this 
buildii^ they are arranged one above the other as far as praoticable. This arrangement was 
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made In older to have the best rooms face on Michigan Avenue, but it serves to reduee the con¬ 
centration of loads that must be supported by individual girders. The frontispiece shows the 
building in question. The architectural treatment marks the location of the Main Dining 
Hall on the ninth Door and the Lounge on the second floor. 

In the baeement is n swimmina pool for which s clear space 30 X 65 ft. is provided. A similar space in the first 
story is dear of columns so that the first and second floors arc each carried by double I-bearo airders spanning 
approximately 80 ft. 

On the second floor is the Lounge, approximately 46 X 65 ft. This story is 26 ft. high, enough to allow space 
for girdere. The arrangement of the framing over this room is shown in Fig. 451. Two double plate girders and 
one truss are used. The truss extends into the third story and has to provide an opening for the corridor. It is 
used because of the greater load wnich comes on it. 




Pici. 449.—Details of girdeta. La 8alle Retd. 


The next dear epace ie the Billiard Room on the eeventh floor. Adjoining it is a Cafe. Both of theae roome 
are 99 ft. wide and ae the load over these rooms is only one floor, pairs of I-beame serve ae girdeie for tlibapaee 
0ng*4lifl). 

The XMxftay k located on the dghth floor, aeroae the end of the building, oocupying about 30 X 65 ft. (Fig. 
458). Banqitet Hoome are loeated on the tame floor between eolnuiui 5-6^2, and College Hall ie on the eanie floor 
between «oliunne4-5-M. Afl the gilder epatw over theee iqwcee areni 9 >roxhiiatdy 80ft. (F^ Thelcaditii 
o o nd lrions vary eo that eome are piate girdem and otheia double I-beame. 

The Mala Dining RaB ooenpiec approximately 45 X 90 ft. on the ninth floor. The heldit ffom floor to floor 
^..?^^^5*^^***®*^*®®^****^**^^*^^^^ Tim fwndni over tWi room kib^ 

^ 881 one floor and leottmd gome wajii, tim aicnifleiemd of 
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Hxe foregoing illustrations and discussions show that large clear spaces can be provided 
where needed, but the designer should bear in mind that the special construction involved may 
be very expensive. Whenever practicable, these large spaces should be planned on the top 
floor or under light courts so that the loads to be carried on the long spans will be relatively 
small. 




SWIMMING POOLS 
Bt Arthur Pbabodv 

Swinumng pools, which formerly were found only in gymnasiums, have become a common 
feature of ehib hotises and the Y. M. C. A., schools, and civic centers. 

333. Location of Pools.—^The swimming pool should be in a wdl lighted and ventilated 
room. Where posrible, direct sunlight should be secured. The greater numb^ of existing pools 
aef ioeated fn the basement of buSdii^, evidently because of the expense involved in support*- 
inf t3iej|teat weiid^t of the water anymore else. In cities, however, there are advantages in 
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placing the pool in an upper story where light and air may be secured. This leaves the basement 
free for the power plant and other necessary equipments. In a few instances, pools are con* 
structed in separate buildings under a glass roof which is, of course, the ideal arrangement. 

267, Dimensions.—The minimum dimensions of a swimming pool, as prescribed by the 
Intercollegiate Rules for athletic contests are: width 20 ft., length 60 ft. These have been 
adopted as standard for Y. M. C. A. 
buildings. Pools should measure 
in multiples of 5 ft. of width and 
15 ft. of length. Typical pools 
therefore are: 



Fio. 4.‘!).’5 


20 X 60 ft. 
25 X 60 ft. 
30 X 60 ft. 


20 X 75 ft. 
25 X 75 ft. 
30 X 75 ft. 


Flo. 45b 



rfoot 


A few pools are 100 ft. long. The 
depth of the water acording to the 
same rules shall be not less than 3 
ft. at the shallow end and 7 ft. at 
the deep end. The majority of 
pools have 7J^ft. of depth. For 

diving contests, pools are 8 to ft. deep with a maximum of 10 ft. 

268. Shape of Bottom.—The so-called spoon-shaped bottom is considered the most service¬ 
able. This has a gradual slope to the middle of the length after which it is sloped both ways 
so as to give a maximum depth at a point 15 ft. from the deep end of the pool (see Fig. 455). 
Pools intended for miscellaneous use for swimmers and non-swimmers or children, sometimes 
divided into sections, may have a regularly in¬ 
creasing depth from the shallow to the deep end 
(see Fig. 456). An older form of bottom is 
sloped gently for one-third the length, more 
sharply over the middle third, and left practi¬ 
cally flat the remainder of the length. All parts 
of the bottom are pitched sufficiently to drain 
the water to the outlet (see Fig. 457). 

269. Construction.—The pool is con¬ 
structed of reinforced concrete or of steel. The 
computation of strength will not be discussed 
here, but the pool construction must be suffi¬ 
cient to resist the loads, which will be consider¬ 
able. The steel tank is necessary where exces¬ 
sive ground water may be encountered and for 
most pools in the upper stories of buildings. 

In this case, the tank which is supported on 
adequate columns and girders, is lined with 
dense concrete, inside of which a waterproof 
lining of lead is placed. Upon this asphalted into steel tank, showing 
felt IS laid. An inside layer of concrete reinr proofing factors in dia- 
forced with steel fabric is then placed as a base grammatical form, 
for the tile lining. A 4-in. course of brick work 
may be substituted for the inner concrete lining. 

In the new building of the Athletic Club at Omaha, Nebraska, a concrete pool is located on 
the third story. The problem of its construction is similar to other concrete work of equal 
importance. 

Conorsts pools rsating in th« ground laquim provision against leakage. The Unk must be protected against 
pwadatioii from the outside as wsli as the itiside. Integral waterproofing of the concrete walls and noor is neees* 
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Fio. 458.—Typical 
section of reinforced con¬ 
crete retaining wall for 
swimming pom, showing 
structural and waterproof¬ 
ing factors in diagram¬ 
matical form. 
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•ary. Such waterproofing compounds are well known and should be used in the most effective way. The cement 
gun would be useful in grouting the inside and outside of the pool. Beside this, the inside of the pool should t>e 
waterproofed by membranes of burlap and asphalt or asphalted felts, cemented together with pitch or asphalt 
It is found in practice that where asphalt will not adhere to the concrete, a preliminary coating of pitch will over¬ 
come the difficulty. Where ground water is present in quantity, the exterior of the ooncrete walls must be water¬ 
proofed as well. This is done in the same manner as on the inside, but not usually as thick. The same prepara¬ 
tion for the tile finish of the inside is necessary as in the case of the steel tank, except that a trivial percolation would 
probably not create so much damage. 

Figs. 458 and 459 show typical cross sections of ordinary pools. 

270. Tile Finish.—In aI! cases, the pool must be tested and made absolutely waterproof 
before any attempt is made to set the tile lining. Special care must be taken to make the 
work tight about the inlet and outlet connections. 

271. Linings.—The linings of the walls are of marble, ceramic mosaic, or large tiles. The 
floor of the pool is frequently paved with hexagon floor tile. In this material the lane lines 
and distance numerals are shown in colored tiles, as well as any design fixed upon by the architect. 

272. Overflow Troughs, Ladders, and Curbs.—The overflow trough or scum gutter is a 
device extending along the sides of the pool for removing the dust and other floating substances 









w 


/ 

/ 



Fig. 460.—Open scum gutter of 
6 X 6-in. wall tile and trimmers, 
suitable for private and outdoor 
pools. 


Fig. 461.—Design for wall tile 
gutter and curb. The water level 
IS 18 in. below the top of the curb, 
the proper take-off distance. 


Fig. 462.—A combination of 
ceramic mosaic and wall tile. No 
curb being provided, the gangway 
floor should slope away from the 
pool. 


from the surface of the water. It acts also as an overflow, preventing the rise of the water above 
the desired level. Finally it serves as a life rail or catch-hold, taking place of the metal railing 
or life rope of old-fashioned pools. 



The scum gutter should be entirely recessed in the surface of the wall. It is formed of glased terra cotta of the 
same color as the tile work, or may be formed in the concrete and the mosaic tile (Figs. 460, 461, and 462). 

Metal ladders and steps to pools have been replaced in new work by recessed tUe-coveied ladders or recessed 
footholds formed of glased terra cotta or of steel covered with mosaic tile. The curb around the pool should be 12 
to 16 in. wide, for comfortable standing, and at least 2 or 3 in. high; 6 in. is a common height. The object of the 
curb is to prevent water from flowing into the pool from the surrounding spaces. This curb is used as the take-off 
in athletic contests and should be 18 in. above the water. .<• 


278. Lines and Markings.—Distance numerals, depth numerals, swimming and safety 
lines are indicated by colored tiles. Figures are used at 5-ft. intervals and the intervening 
foot marks by colored lines. Distance marks begin at the deep end, and must be accurate. 
Swimming lanes extend the length of the pool along the bottom. The lines are 3 in. wide and 
should be dislinct. The lanes are 5 ft. wide. Safety lines are extended across the pool and up 
the sides. At ft. from the ends, siimlar lines, called turning lines, are extended across the 
bottom and sides. Besides these are the jack knife limits which are similar lines, 6 ft. from the 
end of the divii^ board, crossing the curb and extending a fdbort distance bdow the water levd, 
as required by the rules, for the assistance of the judges of athletic contests (see Fig. 468)4 
874. Diving Board.—^The oflicial diving board is not less than 12 ft nor more than 13 ft. 
long, by 20 in. wide* The end projects not more than 2 ft. over the pod and the fulcrum is 
plae^ at H the length from thefree^d. The heii^t above the water is not leas than ft 
no| morig than 4 It. Provision tor tinning the board dtooM be made in the floor etmeture, 
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IW5. Swimn^ Cable.— Whore ewimming lessom are given, a wire cable ie extended the 
length of the pool to support a swimming belt. Anchorage for this should be made in the walls. 

275. Special Pools* Besides the ordinary swimming pool, special pools are sometimes 
built for sports, such as water polo and water basketball. 

The water polo pool should be 00 to 70 ft. long, 20 to 40 ft. wide, and 0 ft. deep. These 



games may be placed in the ordinary pool by placing the necessary marks. The playing and 
goal lines are as follows: 

Center line, across the length of the pool. 

Goal lines, 4 ft. from the ends. 

Free throw line, 15 ft. from the ends. 

Twenty-foot lines, 20 ft. from the ends. 

For water basketball, a pool not over 2500 sq. ft. in area may be used. The center line 
and the 15-ft. lines only are required for this game. 

All markings should be formed in the tile 
lining of the pool as before described. Tliey may 
be worked into the decorative scheme of the tile 
work. 

The foregoing deeoription appliee to interior pooto. 

Beside these, outside po<^ for swimming or wading an 
oommon. The large sise of out-of-door pools, as ordinarily 
designed, leads to less decoration and in many cases, plain 
concrete surfaces are employed. The structure and water¬ 
proofing of these pools require the same care as with interior 
pools, and the sanitation will need to be given attention. As 
ths pools are not warmed, however, except by the sun, the 
Fn. 464.—De- water may be kept dean by frequent renewal. Fxo. 465.—Detail of scum 

tail of distMce gutter Racine College, Racine, 

wgjrd along ^TT. Sptees About tbs Fool.—The entire oiea Wm. 

about the pool should be paved with tile or 
marble. Ibe walls should be wainscoted with the same material to a height of 6 to 7 ft., or 
to the csffing. The walk or gangway about the pool should be 3 to iH ft. wide along the 
sidoSi and at least 0 ft. at the ends. Some space should also be provided for spectators^ 
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For athletic contests, temporary bleachers will be set as close to the pool as permissible so 
that the spectators can watch the games closely. It is useless to provide large and deep 
galleries, generally, as the swimmers or players cannot be watched satisfactorily except from 
the first row of chairs. Shower baths should never be placed in the pool room on account of 
the steam thrown off by them which will condense on the walls and ceiling and create annoyance. 



278. Water Supply and Sanitation.—The water supply pipe should be of sufficient size 
to fill the pool in 24 hr. The water, though it may be pure upon first being admitted, soon 
becomes unfit and must be cleansed and disinfected. With such treatment, however, it may be 
used continuously for a considerable time, in certain instances extending over more than a year. 
In many cases the available water supply must be treated before using 






A commercial filter, containing quartz, sand, charcoal, and other filtering agents removes the mechanical 
* npunties after which the use of alum completes the cleanng For destroying bactena the ultra violet ray is em* 

plo\ ed This consists of a mercury vapor lamp suspended in a water¬ 
tight protecting glass tube held within a cast-iron chamber The water 
18 passed by the lamp in such a way as to secure the action of the ray 
sufficiently to destroy all bacteria 

An ozone apparatus is also used for this purpose The ozone appa¬ 
ratus consists of a steel tower through which the water is passed and 
subjected to contact with ozone The method is undoubtedly effective 
and where space can be afforded and conditions warrant the installation, 
it mil perhaps excel the ultra violet ray process Information can be 
T. ^ 1 obtained as to the ozone apparatus from the U S public health reports, 
Washington, D C 

The water is drawn from the pool by a circulating pump, forced 
through the heater, filter, and steriliser, after which it returns to the 
pool The pump should be of sufficient capacity to change the water once in 10 hr 

These measures secure clean water, but the walls and floor of the pool will require frequent cleansing and 
scrubbing to remove accumulated dust, silt, etc , from time to time 








Fio 467 




279. Heating.—The heater should be the closed type of feed water heater with copper or 
brass tubes through‘which the water passes (see Fig. 466). The temperature of the water 
should be controlled by a special thermostat which will maintain a constant d^ree of heat, 
usually about 75 deg. F. 

In some cases the water is heated by injecting steam directly (see Fig 467) In the ordinary case this method 
will carry m water impurities, oil, rust, and scale from the boilers It is, however, a quick and cheap method of 
heating and when properly done will be free from noise 


MAIL CHUTES 

By Abthur Pbabody 

280. Xequiremenis.—^Public buildings, office buildings, apartment buildings, and hotels 
are usually provided with mailing chutes for first-class mail only. Where these deliver directly 
to public mail boxes, the regulations of the United States Post Office Department must be ob¬ 
served in the loeatioik and eonstructioa of the chutes and boxes. These regulation* ^ as 
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The mail box must not be placed more than 60 ft. from the main entrance of the building. 

The mail chute must nm through a public hall or premieee that are freely acceeeible to the public and the 
Poet Office autboritiee. 

Every mail chute must be so oonetructod that ite interior is quickly and easily accessible to authorised persons, 
but not to others. 

It must not run behind a partition or elevator screen. 

All contracts covering mail chute installations must be upon the form prescribed by the Post Office Department 
with the regulations printed upon and made part of the contract. 





Viimble'' 

Ftq. 468.—With wood backing. 



Waif line 


ThimM 

Fxa. 4GO.—Steel angle backing. 


Copies of these 


A bond of the Post Office Department is required of the contractor, 
regulations will be furnished upon request. 

Other requirements are that the chutes must be absolutely vertical, without bends or 

offsets, to avoid possible clogging. Rough openings In 
the floors to permit the installation of mail chutes must 
„ be 6 X 12 in. in the clear for each chute, nlumbed down 


Thimbla 


^—»i through the building, located 2 in. away from the wall 

against which the support of the chute is fastened. 
Metal thimbles for floor openings are furnished by 
Pig. 470.-~nevem^ agamet makers pf mail chutes. Where the backing or support 

of the chute is furnished separately from the mail chute 
contract it must consist of a flat vertical continuous surface not less than 10)^^ in. wide ex¬ 
tending from the ground floor surface to a point 4H ft. above the floor of the highest story 
from which mail is delivered. The backing may be of wood, as in Fig. 468, or of steel 
angles 2 x 2-in. size, as in Figs. 469 and 470. Fig. 471 shows the backing in 
place, ready to receive the chute. It is advisable to include the backing in 
the contract for mail chutes to insure a satisfactory piece of work. Where 
the chute is in connection with an elevator screen, it must be self-supporting 
between floor and ceiling. 

281, Details.—The details of this device are so specialized and patented 
and the regulations surrounding installations are so strict that the usual prac¬ 
tice is to make use of one of the principal types now on the market. 

Single and double chutes into one mail box are furnished as circumstance 
require. Openings in floors must then be made in accordance. 

The chutes are formed of metal, with removable or hinged plate glass 
panels exposing the chutes throughout their length, and giving access to the 
interior at all points. The usual finish of the chutes is a dull black enamel. ^ta, 47i.— Back' 

The mail boxes are of standard pattern and capacity. The finish may 
be black or of electro-bronze (slightly oxidized or “statuary”) with bronze 
trimmings. Special designs are available for important work following the architectural 
style of the building, which may be executed in real bronze. The space required for a 
standard mail box is 36 in. high, 21^ in* wide, by 11)4 in. deep over all. Special boxes will 
vary in dimensions. 
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RETAINING WALLS 

By Allan F. Owbn 

Retaining walls are walls that support the lateral pressure of earth or of other material 
having more or less frictional stability. They are used in buildings as basement and sub¬ 
basement walls and as walls of tanks, swimming pools, coal bins, etc. In some cases, retain¬ 
ing walls must be designed to support loads coming upon railroad tracks and driveways built 
on top of the backfill parallel with the wall. 

l^cre possible, the earth back of retaining walls must be drained so that actual water 
pressure will be avoided. A thin film of water, held between a retaining wall and the fill behind 
it, exerts the same pressure against the wall as a body of water of the same depth. However, 

a small amount of water may be led away by 
drains so that it will never stand deep enough 
to harm the wall. 

In water bearing soil the back of the wall 
must be waterproofed, or the wall made of water¬ 
proof concrete, and must be built heavy enough 
to withstand water pressure. 

282. Stability of a Retaining Wall.—Two 
motions of the wall tend to result due to the 
action of the earth thrust: (1) a tendency to 
slide forward; and (2) a tendency to tip forward 
about some point on the base. 

The thrust of the earth back of a retaining 
wTcretoVrute “ counteracted by the friction between the 

Chica o "iS*' ®*^®**^ Machine Company building, base of the wall and the Soil on which it rests, 

by the pressure of the soil at the toe of the wall, 
and by the pressure of the soil against key walls (if any) constructed below the plane of the 
base of the wall proper. Concrete struts or heavy concrete floor constniction is usually neces- 
<8ary in deep basements to take care of the greater part of the earth thrust (see Fig. 472). 

The resistance to overturning the wall is afforded by a distributed reaction of the bearing 
soil upward against the base of wall. The center of the resultant force acting upon the base 
must strike within the middle third of the base plane if the entire base is to bear on the soil. 
The soil pressure under the toe of a retaining wall should not be greater than the allowable 
(see table on p. 351). 

The frictional resistance along the horizontal base of a wall may be taken as the total 
vertical load on the base multiplied by the coefficient of friction of the wall material upon the 
supporting soil. The coefficients of friction between earth and other materials are given in 
Table 1. . ' 

Table 1.—Coefficient of Friction Between Earth and Other MAthbials 


Material 

Ooefficient 

Masonry upon masonry.{ 

0.65 

Masotiry on dry clay. 

0.50 

Masonry on wet clay. 

0.63 

Masonry on sand.. 

0.40 

Maaonry on gravel.. 

0.60 



the material back of the watt is a ffuidi the intensity of the horisontal pressoie at 
a4|desitilibqpialtothewei|^tofaooMettidt<rfti^fiuidmnlti^{adhyt^ Tim 
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for 'water, at a depth of one fwt, the horizontal (and also the vertical) pressure is 62lb, i>er 
sq. ft.; at a depth of 10 ft. it is 625 lb. per sq. ft. For any material not a fluid, the horizontal 
pressure is less than the vertical pressure but the variation of pressure due to depth follows the 
same law. Thus the term ** equivalent fluid pressure ** for a given material is taken to mean the 
horizontal pressure per square foot at a depth of one foot. The equivalent fluid pressure 
varies with the “angle of repose“ and weight of the material. 


TabijB 2.—Angles of Repose and Weight per Cubic Foot pok Various Earths 


1 

Material 

1 

1 Weight 

1 (pounds per cubic foot) 

1 

.. ’"’1 

Angle of repose 
(degrees) 

! 

Sand, dry 

1 

90 to 110 

20 to 35 

Sand, moist 

100 to 110 

30 to 45 

Sand, wet j 

1 110 to 120 

20 to 40 

Earth, dry 

80 to 100 

20 to 45 

Earth, moist 

80 to 100 

25 to 45 

Earth, wet 

. 100 to 120 

25 to 30 

Grave], round to angular 

1 100 to 135 

30 to 48 

Gravel, sand and clay i 

1 100 to 115 

20 to 37 


Table 3.—Equivalent Fluid Prf.sstjre 


Angle of repo..e 

Coefficient 

Weight 

1- ' ' —. ' 

1 >qui\alent fluid pressure, 

(degrees) 

(pounds per cubic foot) 

1 

(pounds) 

1 1 



SO 

1 

1 39 

20 

0 49 

100 

49 


1 

120 

1 59 



1 “ 

32 

25 

0 40(1 

1 100 ' 

40 

1 

1 

120 ^ 

49 



80 

27 

.30 

0 333 

100 

33 

1 

1 1 

120 

43 



90 

24 

35 

0 271 

110 

30 

i 


130 1 

1 35 



90 

19 

40 

0 217 

no 

24 


i 1 

1 130 

28 


1 

90 { 

1 15 j 

45 

0 172 

no 

19 



130 1 

1 j 



100 

15 

48 

0.147 

120 

18 



135 

20 


Vnm TeUw 2 tad S it will be seen that the equivaleat fluid {nreanire Biay be taken at fnm 
111 to K9 lb, fieeiMdiiig to edl eondiHoita. Beoommeiided values are given in Table 4. 
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TaBLB 4.—^RuCOMMIiNSED VALUES OF EQUIVALENT FlUIO FbESSUUB 


Well drained gravel. 

20 

Average earth 

33 

Wet sand 

50 

Water beanng soil 


Fluid mud 

80 



I lO 471 —Distribution of 
horizontal pressure on back 
of wall with level back fill 


The following notation will be used 
p «• equivalent fluid pressure of soil back of wall 
P » total pressure on back of wall 
h height of wall 
b "* width of base 

c ■■ distance from back of wall to oontor of gravitv of weight of wall and 
backing 

X *■ distance from back of wall to centtr of \ertiral reaction 
e «« eccentricity of vertical ri action 
TTi » weight of wall 
PTi — weight of backing carried on wall 
Ri *» vertical reaction 
Rt <» horiioatal reaction 




CaseE 



Cose nr 



Fxo 475 —Distribution of stress on foundations eccentrically loaded 


The horizontal pressure at the top of the wall is zero, and the pressure at the bottom of 
the wall « pk. The pressure varies uniformly between these limits and the total p « ^ • 

The center of this pressure is at | above the base (see Fig. 473). Referring to Fig. 474 


Ri^Wi^ Wt 
Rt “ P 

l_HPh + (IT. + Wt)e 

X me .. . . 

Ri 

^ e * a? Hk 

9 wfl {ncMura ia uaifonn over the whole baee. When x ■ i>tee* 
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sure v&ries from oothing at the heel to twice the average at the toe (see Case IL Fig. 476). 
In Fig. 475 

Case I: /i — 

/» = 

Case II: /i = -i- b 

Case III: /, = 2Ri 4 - ZOAh — e) 


t(‘+«s) 


288. Masonry Retaining Walls.—Masonry walls of brick, stone, or concrete may be used 
for low retaining walls, where the weight to be supported is small and no great thickness is 
required, or for high walls where consideration of space and cost will permit the great thicknesses 
required. 

For a rectangular retaining wall of masonry weighing 150 lb. per cu. ft., the width of base 
given in Table 5 in terms of the height will make e » The soil pressures will be fi « 300A 

(where /i is in pounds and h is in feet), and = 0. 

For a retaining wall of triangular cross section, back ver¬ 
tical, front battered, of masonry weighing 150 lb. per cu. ft. 
the same width of base as given in Table 5 will make e = 

The soil pressures will be /i = 150A, and /a = 0 

For a retaining wall of triangular cross section, front 
vertical, back battered, of masonry weighing 150 lb. per cu. ft., 
supporting a fill weighing 100 lb. per cu. ft., the width of base 
given in Table 6 will make e = The soil pressures will be 
fi « 250hf and /a = 0. 

284. Reinforced Concrete Retaining Walls.—Reinforced 
concrete is the most suitable material for many retaining walls because of the possibility of 
making it moisture proof or water-proof as may be required, and because the weight of the 
backing can be utilized to advantage to prevent overturning; also the sections may be made 
thin and the tensile stresses resisted by steel reinforcement. Types of reinforced concrete 
retaining walls are shown in Fig. 476. 


Table 5 Table 6 


p 

b -h h 

20 

0.37 

33 

0.47 

50 

0 68 

02}i i 

0.65 

80 i 

0 73 


P 

b + k 

20 

0 45 

33 

0 575 

50 

0 707 

62H 

0 79 

80 

0.895 

i 



Fio. 476.—Types of reinforced concrete retaining walls. 


284a. Cantilever Wall.—The upright portion of the wall must be figured aa a 
cantilever slab. At any depth hi (see Fig. 476) 

M - Hphi^ 

T^he maximum moment occurs at the junction of wall and base, or 

The total upward pressure on the toe of the wall, y, may be found from the formulas and 
diagrams for the distribution of soil pressure (see Fig. 475). Let this pressure equal F. The 
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distaiwe from the front face of the vertical slab to the center of gravity of the ^Hrapesoid of 
pressure” may be computed and the maximum moment in the toe slab at the face of wall will 
be this distance times F, Usually it will be near enough to take M « 

The maximum moment in the heel slab, z, may be taken at K Wtz, Care must be taken to 
have the reinforcing rods long enough beyond points of maximum stress to develop their strength 
in bond. Each of the cantilever arms of this wall may be tapered toward the free ends. 

The horizontal portion, or floor slab, is usually poured before the forms for the vertical por¬ 
tion, or wall slab, are completed. It would be very inconvenient to handle the upright rods if 
they extended from the bottom of the floor slab to the top of the wall slab. Consequently, 
the rods in the floor slab should be cut so they will extend into the wall slab only far enough to 
develop their strength in bond. The bars in the vertical slab should then start at the top of the 
horizontal slab and may be alternately long and short to provide the steel required at the bot« 
tom and less steel at the top. Rods crossing the main reinforcement must be used to prevent 
cracks and these may amount to Ho to % of the sectional area. 

In designing a cantilever wall for a given height, it is necessary to assume wall and floor 
thicknesses and width of base. Table 7 may be used to assist in making these assumptions. 
Concrete is taken at 150 lb. per cu. ft., and back fill at 100 lb. per cu. ft. The width of base 

in each case will make « = g* Wall thickness assumed Floor thickness assumed 
is given in pounds when h is height in feet. 


TABIiB 7 


y -i- b 

0 


H 


H 

H 

z 



H 

H 

H 

0 

P 



Values of b ' 

h 



20 

0,465 

0.401 

1 

1 0.379 

0 380 

0.402 

0.591 

33 1 

0.597 

0.516 

1 0.487 1 

0.480 j 

0.517 j 


50 1 

0.734 

! 0 635 

1 0.600 

0.601 1 

0.637 

0 935 

62>i 

0 821 

0 710 

1 0.670 

0 672 

0 711 

1 047 

80 1 

0 029 { 

0 802 

1 0 758 

0 760 

i 

0 80.5 

1.182 

/« 

2245 1 

1935 

1625 i 

1315 1 

1015 

715 


lUnftratiye Problem.—Given the following deta: h »> 24 It. 0 in., p 33 lb., b 12 ft. 0 in , y 1 ft. 10 in. 
- 8 ft. 0 in. 

Then 

TTj - (63.58)(150) - 9537 lb. 

Wt » (180)(10U) - 18,000 lb. 

(9537)^8 07) 4- f18,000)iS.97> 

--Y7TM7- 

Bi m 27,537 lb. 

_ 50,883 + 148.422 „ 

*-^7- 

4 m 8.33 ^ Y ^ 5.33 ft., is greater than Hh. 

/i « 55,074 ^ 11 5007 lb. per «q. ft. 

Bending moments in upright cantilever at various depths ars figured and plotted from the formula *■ 

5.5hi»(seetig.477). Moment at 22-lt. depth 58,504 ft.-lb. 

By the prinoiidie of reittfiorced concrete the tldokness of trail is determined to be 26 in. end the lequlibd gM 
of gtesi at t^ point 2.14 sq. In. A curve is idoited lor ^ rsquiced arsa of steel se thown in the eteel diagram. 

rodfi H in. aquaie and 8 in. on «antefn*>n^aeed in the looting dab to proi|«ct into the wail elab the sequlmd 
bdMllmy^arhOia. The value cd these ro^ii Is r^^tpsepted by the tdangieo^^ Bodaihthe walletartatihhtopff 
6! ft. 9 in. long, oim8 It.2in. Umg, and one 5 ft. 0In. long Mhd tM In 
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0 / tba wall. Tlic available area of Uieee rode is represented hy tbe pol.v«on indicated, the taper top and bottaoi 
being due to the bond length requirement. 

The oonstruetion joint must take a bearing of 

( 33 ) 02 ^ 2 ) _ 

With an allowable bearing of 400 lb. per eq. in. the required area ie 20 eq. in. A 2 X 8-in. plank laid in the top of 
the slab and lemoved More the wall ie poured will give a bearing area of X 12 21 aq. in. The minimum 

7086 

fieotion in shear will be 7H X 12 ■■ 00 sq. ft. 89 lb. per sq. in., which is allowable for such a heavily 

reinforced section. 

The soU pressure on the toe slab averages 4646 lb. per sq. ft. M - (1.83) (4545) (0.92) » 7640 ft.-lb Steel 
required » 0 24 eq. in. Rode, H in. square, will be used spaced 12 in. on centers. 

The load on the heel slab is 18,000 lb, and Af — (18,000)(4) •» 72,000 ft.>lb. The depth required is 30 in. and 
the steel area, 2.25 sq. in. Rods, H in- square, will be used spaced 3 in. on centers. 

To prevent cracks in the wall, rods 9s in square, will be used spaced 18 in on centers This amount of steel 
equals k{o% of the wall area 



8846. Wall with Back Ties.—In designing a wall with back ties, the vertical part 
of the wadi is figured as a slab loaded on its back and supported by the tie counterforts (see 
Fig. 476)a The fioor z is figured as a slab supported by the counterforts. Reinforcement 
must be placed in the ties to take the tension produced and also to hold the tie to the fioor and 
wall. 

884c. Walls Supported Top and Bottom.—The most common form of retaining 
wall in building construction is the wall supported at the top by the first floor construction and 
at the bottom by the basement fioor. This wall must be reinforced as a slab loaded at its back 
and supported top and bottom. Referring to Fig. 476 

Moment at any depth hi 

M- Rth, - ^ 

The maximum moment is at the depth 0.58A and is 

M « Q,mph* 

Retaiidiof walls in buildings may be supported by heavy wall columns^ and in such oases 
the Walt is figuied as a 4ab loaded on its back and supported on two sides, or two sides and bot*^ 
tom^ ot two sides and top and bottom. In each ease the column must be investigated to see 
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that the bending due to the earth pressure on the wall does not over-*stress the ooltunU) and the 
column section made heavy enough to take such bending stresses. 

285. Structural Steel Frame Walls.—In steel frame buildings steel I-beams are sometimes 
provided to take the thrust of the earth on the retaimng walls and reinforced concrete slabs are 
used spanning from beam to beam and enclosing such beams (see Fig. 478). 

286. Steel Sheet Piling.—Where one or more sub-basements are to be built adjoining a 
heavy building, and the earth under its foundations must not be disturbed, steel sheet piling 



is useful. The piling is driven at the wall line of the new basements before the deep excavation 
is made. As this excavation proceeds, the framework for the floor construction at each level 
is set in place and the utmost care is used to prevent the sheet piling from being forced inward 
by the pressure from the adjoining building. Temporary shores are used where necessary and 
the permanent concrete doors and concrete covering for the sheet piling is placed without delay 
(see fig. 479). 

267. Betslidiig Wails with Slofdng Back FllL—Where the dll slopes up from the back of 

wally the direction of the earth peressure is usually considered as parallel to the surface of the 
211 (se#l%. 480). 
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288. Retaining Walls with Surcharge.—When the earth behind a wall is loaded in any way 
—for example, when the embankment is used as a storage of material—the additonal pressure 
may be provided for by replacing the load by an equivalent surcharge of earth. The height 
of this surcharge may be determined by dividing the extra load per square foot by the weight 



Section A-A 


Fia, 479.—Steel sheet piling retaining wall between Stevens store and Columbus Memorial building. State St 

Chicago, Ill. 



Fia. 480. Fxq. 481 Fia. 482 


of acubio foot of earth. This height is shown in Figs. 481 and 482 as hi, Xiet h ^ hi H* 
Thm the resultant pressure on a vertical plane for a wall with height H will be 
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and tiw tesult&nt preesure for a wall with w ni ght A, will be 

Pi * ^^pAi* 

The preesure on the vertical wall AB is the difference of these, or 
P = Pi - Pi - Hp(H* - Ai>) 

= Hph(k + 2Ai) 

and the distance of the point of application of this force from the base of wall 

_ h* + Uh, 

^ “S(h+2ht) 

P acts through the center of gravity of ABDE 

289. Retaining Wall Supporting Railroad Track. —A retaining wall adjoining a railroad 
track needs special strength to support the weight of locomotives and trains standing on the 
track or passing by. When the track is close to the wall, the additional earth pressure may be 



Fio 483 


taken as H the maximum train load per linear foot of track divided by the distance from the 
center of the track to the wall. Thus, for Cooper^s E-50 loading and a distance of 6 ft. 6 in. 
from center of track to wall, t = 300 lb approximately (see Hg. 483). 

The pressure at the bottom of the wall is t -h pht and the total preesure 


The center of this pressure is 


The reactions are 


Moment at the top of fill 


P~thr+^ 


3 3^ -f* 


Moment at any depth ki 


h 

- if, 

M * Rih, 


The maximum moment occurs where 




For »tnwk at some djataaee from ttm wali« the «ffeet k hm than itiited above aad the 
olkiithfallweaMtKkapidiedoBtlivI^^ When tiw aeaveat ma k 

from the wall, the eff^t of the railroad load may be Detected. 
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CHIMNEYS 

By W. Stuart Tait 

Chimneys serve two purposes. One purpose is to create the required draft for proper 
combustion of fuel; the other purpose is to provide a means of discharging the gases earned by 
the cliimney at a sufficient height above the ground that they may not be harmful to people 
living in the vicinity of the chimney. 

Very high chimneys are more expensive than lower chimneys producing the same draft. 
Chimneys, therefore, over 150 ft, in height, need only be used at smelters, chemical works, and 
other industrial plants where noxious gases are produced. 

290. Shape of Chimneys.—Chimneys of any magnitude are built circular. A round chim¬ 
ney is better even for an ordinary house than a square or rectangular one. For the sake of econ¬ 
omy in construction, however, flues and chimneys of small dimensions are usually built square. 
I>arge chimneys are usually built with a slight taper. The taper does not add materially to 
the chimney cost while it improves its appearance vastly. A taper which is quite generally 
used in concrete chimneys is 1 in 72. 

291. Small Chimney Construction.—^llie Chicago Building Code requires that small chim¬ 
neys or flues be constructed as follows: 

Flues having area less than 144 sq. in. 8 in. brick» or 4 in. brick with flue liner. 

I'lues having area between 144 and 300 aq in. 1.3 in. brick, or 9 in. brick with flue liner. 

Flues having area between 300 and 600 sq. in. 17 in. brick, or 13 in. brick with flue liner. 

A much better chimney is obtained by using a brick wall surrounding a flue liner than can 
be obtained with a brick wall alone. 

292. Linings for Large Chimneys.—Large chimneys must always be built with an interior 
wall of firebrick or other material which will withstand high temperatures. This lining must 
be free to expand independently from the outer shell or main chimney structure. It must be 
carried to such a height that the heat of the gases where the lining ends will not be great enough 
to damage the chimney. In concrete chimneys the lining is usually carried to a point one-third 
of the chimney height above the breech opening. The Chicago Code requirc'S that the lining in a 
concrete chimney be carried to height equal to ten times the inside diameter of the chimney 
above the breech opening. Where high temperature gases occur, it may be necessary to continue 
the lining to the'top. A firebrick lining is usually made 8 in. in thickness for the top 50 ft. 
of its height and 4 in. for the next 50 ft. An insulating cavity of at least 3 in. in width should be 
provided between the fire brick lining and the outer shell. 

Designers must keep in mind that the lining will expand vertic4illy to a considerably greater extent than the 
chimney proper. In addition all chimneys sway to some extent in the wind. The construction at the top of the 
lining must consequently be such that the lining may be free to move vertically relative to the outer shell. The 
lining must be corbelled out at the top of the insulating cavity closing off the cavity from the flue opening. 

298. Temperature Reinforcement in Reinforced Concrete Chimneys.—In reinforced 
concrete chimneys, special additional temperature reinforcement should be provided at any 
region where a decid^ change in section occurs. It is also necessary to introduce extra heavy 
temperature steel in the top of the stack and at the top of the lining. 

294. Sim of Breech Opening.—The mechanical engineer will usually give the chimney 
designer the dimension of the stack and the size and locations of the breech opening and dean 
out door. The breech opening is usually made 20 % greater in area than the minimum internal 
cross section of the chimney. For structural reasons the width of the breech opening should be 
held dowh to as small as dimension as possible. A width €K|ual to two-thirds of the width of the 
chimney nt the top is the wUoh the structural engineer should endeavor to have used. 

This will give a flue whose height is 2H tunes its width. 

298w Sins md of ahiinaeys.»-A8Suming an average consumption of 5 lb. of coal 

per h o rsspower per hwr and taking the effective diameter of the chimney as 4 in. less than its 
inimmi we thn following formulas for the stse and height of a chimney: 
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D « IZMy/E + 4 

where E is the effective chimney area; II is the horsepower to be provided for; h is the height 
of the chimney in feet; and D is the internal diameter of the chimney in inches. 

For steam heating plants in small buildings the following sizes of chimney flues should be 
used: 


Direct radiation in 
square feet 


Sisp of flue 

200 to 400 


8X8 

450 to 900 


8 X 12 

1000 to 1600 


12 X 12 

1600 to 3000 


16 X 16 


If indirect radiation is used, 50 % should be added to the amount of radiation to be installed 
in choosing the flue size from the above table. For a kitchen range an 8 X 8 flue is satisfactory. 

296. Design of Chimneys.—^Large chimneys are of three main types: (1) Reinforced con¬ 
crete, (2) steel, and (3) brick. The chimney shaft is so porportioned and designed that the stresses 
developed in the material used, when the chimney is stibjected to a horizontal wdnd pressure, are 
within the unit stresses recognized in engineering practice. Jn reinforced concrete and steel 
chimneys the design may be such as to produce tension in the cross section. In brick chimneys, 
on the other hand, no tension must occur under the combined bending due to wind pressure and 
the direct load of the chimney. Since practically all chimneys of these types are circular, 
analyses will be \corked out only for this form. 

In the case of a circular stack the kern or circle outside which the center of pressure may 
not fall, if there is to be no tension on the section, has a radius 

r = Hr ill + (r 2 /ri) 2 ] 

where ri is the outside and r 2 the inside diameter of the chimney. 

Steel or concrete stacks may be designed by applying the formula combining direct load and 
bending to sections about 25 ft. apart down the shaft. Thus 

W M 
/(max)=f + ^ 

, W M 

where W « weight of chimney above the section considered, A *= area of section, M « mo¬ 
ment of the wind pressure above the section, and S = section modulus. Since the wind pressure 
may cause either tension or compression at any point around the steel or concrete stack, de¬ 
signers must use values of /, such that the sum of the tensile and compressive stresses does not 
exceed the unit stress allowed. 


The wind pressure on fiat surfaces is generally specified in American building codes at 30 lb. per sq. ft. From 
the experiments earned out by the National Physical Laboratory of England, 32 lb per sq. ft. is the pressure pro¬ 
duced by a gale of 100 miles per hour velocity. In the design of circular chimneys it is customary to take a pressure 
intensity on the projected surface of H that applying on fiat surfaces The city of Chicago requires a wmd pressure 
of 22 lb per sq. ft. to be used in the design of circular chimneys. Some designers use a umt pressure equal to one* 
half that applying on a fiat surface and there are many authorities who endorse this. Designers would do well tc 
carefully consider the wind conditions of the locality where the chimney is to be erected before deciding upon th< 
wind pressure to be used. A circular chimney to be erected in a region subject to tornadoes should be designed foi 
at least 25 lb. wind pressure, while a similar stack in a region where no high winds occur might be designed lor i 
wind pressure of 15 lb. Both of the pressures refer to the projected area of the stack. 


296a. Brick Stacks.—Brick stacks are usually built of specially molded hoUoi^ 
radial brides. A flrebriek independent lining is installed and the chimney is capped with a cast 
iron ring fitting on top of the brickwork protecting the joints from the action of the weather 
At the breech opening the wall must usually be buttressed. In brick stack design there most b 
no tension. Therefore 


i ; 

ii A 


W M 
J"! 


(J 
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With a wind pressure of 20 lb. on the projected area and brickwork weighing 120 lb. per cu. ft,, 
and assuming the bottom cross section of the stack to be 1.9 the mean cross section of the brick¬ 
work we have 

(jDi* ~ Z>2") ^ DaXH XDiX 1.60.(2) 

where Di and D 2 are the exterior and interior diameters at the base, H is the height, and Da 
is the average exterior diameter of the cjhimney. By trial, Di and D 2 may be found. 

The chimney may be then approximate laid out, using a wall thickness at the top as 
follows: ^ 

8 in. for chimney up to 8 ft. inside diameter at top. 

12 in. for chimney from 8 to 18 ft. 

In equation (2) the weight of the stack is taken as 

120 X if X 0 784(Z)i* - D 2 *) 

After laying out the stack, check the weight of same against the assumed weight and, if 
they do not agree, make adjustments. Then apply formula (1) at each point just above where 
the wall increases in thickness. At the base it is advisable to check the maximum unit com¬ 
pression. 

In case the weight of the brickwork is not 120 lb. per cu. ft., adjust equation (2) by multi¬ 
plying the right-hand side by 120 and dividing by the weight of the brickwork. Also, if an¬ 
other wind pressure than 20 lb. is to be used, multiply the right-hand side of equation (2) by the 
revised wind load and divide by 20. The foundation design will be similar to that given for 
the concrete stack. 

Brickwork in hollow brick stacks weighs approximately 90 lb. per cu. ft., so equation (1) 
becomes 

Di^ - Di* ^ DaXH XDiX 2.15 

2966. Example of Design of Concrete Stack.—Following are the computations 
for the design of a concrete chimney (see design on p. 701). 

Height 175 ft. 0 in. Inside diameter « 7 ft. 0 in. 

/« «> 16,000. fe *" 400. n «« 15. Wind pressure 20 lb. per sq. ft. on projected area. 

Breech opening «« 5 ft. 0 in. X 10 ft, 6 in. Top of opening - 25 ft. 0 in. above ground. Flue lining extends 
75 ft. above the flue, t e., 100 ft. above the ground. 

Inside diameter at top •» 7 ft 6 in. Thickness -> 4 in. 

Outside diameter at top 8 ft. 2 in. 

Inside diameter at top of lining * 7 ft. 5 in. 

Thickness of lining (4X2) “0 ft. 8 in. 

Insulating cavity (3X2) 0 ft. 6 in. 

Assume thickness of outer shell 

(7X2) - 1 ft. 2 in. 


Outside diameter 75 ft. from top ** 9 ft. 10 in. 

Taper on one side is 10 in. in 75 ft, or 1 in 90. 

Outside diameter at base ■■ 8 ft. 2 in. + 175/45 ■» 12 ft. OH in. 

Assume an increase in the shell thickness of 1 in. in 25 ft. This gives a bottom thickness of 11 in. 

It will not be necessary to analyse a section 25 ft. from the top. In this section we used only a minimum 
amount of vertical steel. Round bars, H"in. diameter, spaced 18 in. apart, is a reasonable minimum. Use 17— 
H-in. round bars. 

S€tiion &0/1, From Top: 

ar-HXO. XPXj - (50)(8.7)(20)(26)(12) - 2,610.000 in.^lb. 

V - H X f X tf)»* - ©•«) X 150 - (60;(0.785)t(8.a7)* - (7.83)«1(160) - 82,600 lb. 

A m - Z> 1 >) - U aq. ft. « 2016 sq. in. 

a - 0.008 (f>i> - - 21.4 ft* 

J « + ,0 - 111 lb. PS, in. (S,n.p«.dnn,. 

ft (eompresi^n} m (15)(111) • 1600 lb., approximately. Allowable /« (tension) ■■ 16,000 — 1600 14,600 lb. 

/« (min,) » 41 .. 70 29 lb, per mq. in. (tension). 

A, - - 4.08 sq. la. - 21 - H-in. round bsrs. 
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Detailed oalculatioae will not be given for the seotioni 7d ft., 100 ft., and 125 ft. below the top. 
are as folio we: 

Section 75 ft.—oompreasion max. 166, tenaion max. 54, steel « 29 ** K-in round bora 


The reeult 


208, tension max. 
281, tension max. 


' 44, steel 28 — H*in. round bars 
77, steel ■■ 42 ~ ^-in. round bara 


Section 100 ft.—oompreesion max. 

Section 125 ft.—^compression max. 

Section at 150/f. From Top: 

M - (150)(9.S3)(20)(75)(12) - 26,600,000 in.-lb. 

W - (160)(0.785)l(9.83)* - (8.67)*iri50) « 380,000 lb. 

A 21.5 sq. ft. ■» 3 100 sq. in. 

S - (iTi * - ~~ (0.098) - 68 ft.» 

/« (max.) 123 + 226 » 348 Ib. (compression). /« (min.) « 102 Ib (tension) 
f, (compression) «■ 4500 Ib. (approx.). /• (tenaion) 11,500 lb. 

At (tension) * ~ J^-in. round bars. 

The section 150 ft from the top is at the upper side of the breech openiiu'. We must consider a section at the 
lower side of this opening in order to provide the necessary strength at this opening. 

Section at 160 ft. From Ton: 

M - (100)(9.9)(20)(80)(12)- 30,300,000 
iu.-ll>. 

W * (160)(0.785)l(9.9)*~(8.65)*)(160)- 
433,000 lb. 

If no breech opening were cut, we would 

have 

d — 23 sq. ft. ■* 3310 sq. in. S 75. 
ft (max.) *» 366 lb. (compression). /« 
(min.) «■ 104 lb. (tension). 

.4« (tension) » 30 sq. in. 

For the sake of economy it is desirable 
to avoid introducing buttresses at the edge 
of the breech opening. We will, therefore, proceed to find the section modulus of the chimney section. Fig. 484. 
7 of complete section without breech about axis ..4-w4 ■» 0 0491 (di* — d**) « 438 ft.* 

7 of portion removed for breeching about A^A • (5)(0.9)(5.1)* approx » 117 ft.* 

Then 

7 of chimney section at breech opening about A~~A « 438 — 117 « 321 ft.* 

Now find the center of gravity of the section by trial. It will be found to be about 1 ft. 0 in. from A-A. Then 
7 of section about BB (axis through center of gravity) * 321 + (18.5)(1.0)* -• 339.5 ft,* 

339^ 

' “6’7 

433 000 30 300 000 

* CM 7)\l2j(144) *" (compression) /• (min.)-184 lb. (tension) 

A + F(n - DA - A(max.) 

400 4* (P14)(400) » 608 
(P14)(400) - 508 - 400 

^ 5600 



Fio. 485. 


S I 


- 50.7 


A (max.) 


(18.5X144) 


0 0193 or 1.93 


At (oompreseion) - <18.6)(144)(1.93) — 52 sq. in. - 66—1-in. round ban, 
A (compression) - (400)(15) - 6000 lb. 

A (tension) - 10,000 lb. 

(184)(18.5)(144) 

10.000 


At (tension) - 


— 49 sq. in. 


The amount of oompreeeioa steel required, namely, 52 sq. in., is greater than the amount of tension steel» and 
we will therefore use 66-^1-in. round bars. Had the width of the breech opening been a greater proportion of the 
width of the stack we might have found that the concrete stress developed was too high to permit of our introducing 
sufficient eompreeeion reiiitoreement to keep the actual concrete etrees within the stress specified. 

In F$g. 485 are illustrated methods of increasing the section modulus at the breech opening. The first thing 
to be done would be to increase the thickness of the outer shell by an amount of from 1 to 3 in. This thickening 
shoidd be carried about 5 ft. above and below the breech opening. If increaisng the outer shell tftickness by a 
masdnntm of about 80% Is not sufflciiiii, the buttresses marked C should next be added and, in ease even this is 
inadequate, the buttressee miuhed B ehould be added. Where buUreesee are added, the designer should distrihuie 
the reinforoliig eted throughout the eeotion eo that in each portion tibe same percentage of steel is used. 

SooUm at 175 ft From Top: 

-87;000*000lii.^. 

C eu spresstwat max. 408 Ib.* tension max. - 116 Ib. Steel 49-14n. round bam. 

. yb mp eml M re MVorcemenl.—The desigh of the temperature reialoreement hi at preesnt left mere or lest to 
exrineii#e». lAm use of either lings of rfMcumg bars or nmth is usual. !n this deilgii«eiad in feet lor imyeid^^ 
a moth weii^ing He Ib* per eq- ft. is satisafsetory. In addition io tl^* ham. 6 or 5 in, 4ii 
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tors, fthould be u«ed for a dista&ce 5 ft. below the top. placed horiiontally. We afaould ako have eoine aindli^ rode 
where there is any material change in the section. In this stack the taper is straight from top to bottom, but soma 
are built cylindrical, with an offset. We should also introduce three extra hoiisontal bars of the same else as the 
vertical bars above and below the breech opening, and in addition H*in. bars, 4 or 5 in. on centers, for a distance of 
5 ft. above and below the opening. If these tings are made in two parts, the ends of the rods should be lapped a 
distance sufficient to develop their strength in tension. The laps should be staggered around the chimney. 



Plats 1. 


3hear.'-~^ear will eeldom effect the design of a stack. It is well to investigate a section at tha bottom and 
one through tha breech opening. Taking a section 160 ft. from the top, we have 
Te«ai wind load • (160)(9.9)(20) - 31,700 lb. 

“ (lIS) * Wlb.pw.q.in. 

And at the bate 

<122^^-10 lb. 

JdHion gf Feuadoffon.—A ehimiiey foundatioD aheuld be built octagonal ordreular In plan. A equaie looting 
produese tdcb a high toe pressure at the comers when the wind is blowing on the diagonal of the footing that this 
•hape k uadeiimbia The boating pressure on the soil should be lower than one would use on the aame soil fdr a 
•tatipbisr^ luOd ct pmctleady eobskAt amount In this esse we will use a maximam prsssum of 4000 }b. per eg. 
fhm <Mgn Ibr all ehimneys Is praotioally the same. In the case of the ste^ staek the weight of the 
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footing must be greater and in the caee of the briok etaok the footing may be lighter, than the footing for the oon* 
orete etaok. The weight of the earth fill and any other loade oozning on the foundation ehould be included. The 
bottom of the foundation should be well below frost line 

Weight of concrete shell «» 496,000 

Weight of briok lining - (120)(100)(0.786)[(8.17)* - (7.6)»1 + Hl(8.83)* - (8.17)*! • 163,000 

Total weight at top of footing 648,000 



PtATB 2 


The kem ol a circular footing has a radius equal to one-fourth of the radius of the footing. Also, the tou pressure 
is approximately twice the average pressure. Now, we can approximate the weight of the earth filling and footmg. 

648 000 

Assume 600 lb. per sq. ft. Then the area of the footing will be approximately X 2 « 381 sq. ft. 

on octagon having a width of 21 ft. 6 in., or a circle having a diameter of 22 ft. 0 in. We may take the radius of the 
kem, then, as 2 ft. 0 inu To avdUl the negative pressuze at any point in the base, the eccentricity must not exceed 
2 ft. 9 in. Tnking our assumed footmg and cover on same at 600 lb. per sq. ft., we have a total load 228,000 lb. 
9o the total load at the bottom of footing 876,000 lb. Now we found that M due to wind 37,000,000 in.«lb. 
37 OOO 000 

so the eeoentridity s ** which is greater than the maximum eeoentiicity found permissibie. 

inustf tinbrefore, Inorem area Of ttih footing, or Increase its weight, or both. Assume 700 lb. per sq. ft. 
fdr lootlfar ond oover, and take area » 600 so. ft Then weight of footing m 360,000i s « 87 in., imd 600 aq. It 

.4 i 
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gives an octagonal footing of 24 ft. 6 in. X 24 ft. 0 in. With this sise no negative pressure occurs. If the bottom 
course is made 3 ft. thick, we have a weight of 450 lb. per sq. ft. so we must have 2H ft. of earth above the bottom 
course to obtain a total of 700 lb. as assumed. 

Depth for punching shear at 120 lb. per sq. in. at edge of shaft «> 


496,000 X 2 


18.3 in. 


(v) (12) (12) (120) 

The depth assumed gives a maximum of 60 lb. per sq. in. 

The footing will be reinforced witn 4 bands of steel similar to the one indicated. The moment at the center 
of the section of stack wall bounded by ahe is the moment of the soil pressure due to stack load on the figure dbde 

(648,000 4 350.000) 


about the line dc. Now at ah we have a maximum pressure of 2 X * 


500 


4000 lb. (approx.) 


and since the weight of the footing and fill amount to 700 lb., the unbalanced upward pressure is 3300 lb. per sq. ft. 
at line ab. We find by proportions that the upward pressure at de is 2350 lb. and the length of de is 4.35 ft. Also 
ef « 5,25 ft. and cu « 12.25 ft. and ab » 10.2 ft. 


Mated ^ (2350^(4.35) (7.0) (42) « 3,000,000 in.-lb. (ilf of area edhk at 2350 lb.) 

•f (H)(950)(4.36)(7.0)(56) « 810,000 {M of area edhk at 950 lb. at ah). 

+ (2H2S50HhiK7.0H2.92)(56) - 1,750,000 (M of area aeh and dbk at 2350 lb.) 

820 000 

+ (2)(960)(M)(2.92)(7.0)(63) - ^ 3 ^ 5 ^ (-W of area aeh and dbk at 950 lb. at ah). 


For/- - 16,000; fc - 650; and n « 15 

d » 31 in. h required ■■ 62 in. 

The depth is satisfactory. At ■» 14.7 sq. in. Use 19 — 1 -in. round bars ir 

The stack is not large enough to cause any upward bending at C (Fig. 486) 
and so we will have no reinforcing in the top of the slab. We previously 
found that we required 49 — 1-in. round bars at the base of the stack. These 
must be carried a sufficient distance into the foundation to develop their strength. 
Since we have a depth of footing of only 3 ft., we must hook tlicsc bars as indi¬ 
cated. Total upward pressure on line ed “ 130,000 lb. For 40 lb. shear, width 
130 000 

required *» ( 3 f ) ( 4 Q ) “ much less than the stack diameter so we 

need not further provide for diagonal tension. AH vertical steel in the stack 
should be lapped a sufficient distance to develop its strength in bond. At 
bond stress of 80 lb. per eq. in., a lap or imliedmcnt of 50 diameters is re~ 
quired. The lap in the bars must not all be made at any one section in the 
stack. Good practice is to lap half of the bars at any section as indicated. 



Some steel should be placed diagonally across the corners of the breech opening as illustrated, 
same sise as the vortical steel is sufficient. 


Fig. 486. 

Two rods of the 


296c. Steel Stacks.—It was pointed out previously that the sum of the com¬ 
pressive and tensile stresses in the steel must not exceed the allowable stress of 16,000 lb. per 
sq. in. In stack design it will be found satisfactory to use a stress of 10,000 lb. per sq. in. on 
the net section (rivet holes deducted) as this will result in a compression of only about 6000 
lb. on the gross section. 

Assuming a joint efficiency of 60 % the design would resolve itself into designing the dtack 
with 100 % efficiency in the joints and using /, = 6000 lb. on both the tension and compression 
sides. Similarly with an efficiency of 80 %/. becomes 7100 lb. 

The design for the stack must be such that it will maintain its form against the tendency 
of the wind to flatten it. It must also be prepared so that the stresses resulting from combined 
bending and direct load are within the above limits. 

Unless the stack is lined to the top and the lining carried on shelf angles, the dead weight 
of the stack itself may be omitted from the strength calculations. 

Steel stacks are built cylindrical except for a section at the base which is made conical. 
It is desirable for the sake of economy to keep the breech opening above the conical portion. 
The sides of the breech opening must be reinforced with plates and angles to make up for the 
portion cut away, just as in the case of the concrete stack. The stack is set upon a cast-iron 
base in most cases and rigidly bolted down to the foundation by moans of a series of bolts. A 
stress of 12,000 lb. per sq. in. may be used on the net section of these bolts. It is good practice 
to add from H ^ to the theoretical diameter to allow fot* corrosion. A large cast-iron 
washer is embedded in the foundation at the end of each bolt. The washer or bearing plate 
should be of such size that its area in contact with the concrete does not produce a bearing 
stress in excess of 400 lb. per sq« in. To prevent leakage through the stack joints, the rivet 
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upaoing should not exceed ten times the plate thickness. With this spacing and well driven 
rivets, it is not usually necessary' to calk the joints. Plating less than in. in thickness should 
not be used. In fact, it is poor economy to use plate as thin as that on account of deterioration 
due to rust. 

Di* 

Design Formulab ,—The section modulus S * 0MS(Di ‘ = 2>i — 2^, 


where t 


thickness of metal. 

.S *0.098 DC 


Consequently 

_ (DC - SDCi 4- 2ADCC - S2DiF -f- !&* ) 

^ /)i 


The values of t\ and t* are so small that we may wnte this equation 

S * 0 098 (Z)t’ ~ DC + 8Z>i*0 * 0,7SiDiH 

(Imitting the dead load 

M ^ jS « (60(K)) (0 784) (Z>i)“ (t) 

M 

* (4704)(i),)*(12)* 

and using a 20-lb \n ind pressure 

5646 Di 

where Di is the diameter in feet, H the height in feet, and t the thickness in inches 


Table of Plate Thickness for Chimneys Based on 20-PorND Wind Pressure 
ON Projected Area—^Joint EpFifiENcy 60^ 


Height 






Diamc U r 







5' 0" 

6' 0^' 

7' 0" 

H' O'' 

ty 0" 

10' 0" 

11' 0" 

12' 0" 

13' 0" 

14'0" 

15'0" 

50 

0 09 

0 074 










(SO 

0 127 

0 106 

0 09 









70 

0 174 

0 144 

0 124 

0 108 








80 

0 227 

0 19 

0 162 

0 142 

0 126 







90 

0 287 

0 239 

0 205 

0 179 

0 160 

0 144 






100 

0 355 

0 295 

0 252 

0 220 

0 196 

0 176 

0 16 





no 

0 43 

0 357 

0 306 

0 258 

0 238 

0 214 

0 195 





120 

0 508 

0 424 

0 363 

0 318 

0 283 

0 255 

0 232 





130 

0 60 

0 498 

0 427 

0 375 

0 332 

0 299 

0 272 

0 25 




140 

0 693 

0 58 

0 496 

0 433 

0 386 

0 347 

0 315 

0 29 

0 267 



150 

0 795 

0 662 

0 568 

0 498 

0 443 

0 308 

0 362 

0 332 

0 307 

0 284 


160 

0 905 

0 752 

0 646 

0 565 

0 603 

0 453 

0 412 

0 378 

0 348 

0 324 

0 302 

170 


0 85 

0 73 

0 638 

0 566 

0 .‘51 

0 403 

0 425 

0 393 

0 364 

0 34 

ISO 

1 


0 82 

0 716 

1 0 635 

0 572 

0 52 

0 476 

0 44 

0 409 

0 382 

190 




0 796 

0 706 

0 638 

0 58 

0 53 

0 49 

0 455 

0 425 

200 

! 




0 788 

0 71 

0 045 

0 592 

0 545 

0 506 

0 472 


For a joint efBctenoy of 80% use ^ of values given above 


Bearing on shop driven rivets may be taken as 25,000 lb. per sq. in.—afield, 20,000 lb. per sq. in. 
Shear on shop driven rivets may be taken as 12,000 lb. per sq. in.—afield, 10,000 lb. per sq. in. 

The total tension or compression per linear foot in the stack * (6000) (1) (12). From 
this we can determine the spacing and size of rivets necessary. 

Iiet Ih denote the diameter of the center line of the holding down bolts, n the number of 
bolts, and d riirir diameter; then the size and number of bolts may be determined from the 
formula: 

- 0.018/, 

ii cottvefiient number of bdits n, then d, the bolt diameter^ can be found. The de«> 
then add for the depth of ‘riiread and also add H to alkm for corrosion^ 
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Where/* • ISiOOO the ebove fonnulEbecomes 


nd* — 


7380 




Guyed Steel Stacks.—Guyed steel stacks are designed to act as beams 
spanning between the base and the collar to wMch the guy wires are attached. The moment 
due to the cantilever action of the stack above the collar should be taken into account. Having 
found the maximum bending moments, apply the formula for the thickness of the plates 

M 




(4704)(Z)i)*(144) 


The guys are usually attached at one-third of the height from the top. The collar to which 
the guys are attached should be stiff enough to withstand the tendency to buckle. 

The guy wires will be designed to take the entire wind reaction at the collar. The maxi¬ 
mum pull on a guy will occur when the wind blows directly along it. With the guys attached 
one-third H from the top, the reaction at the collar becomes 


0.75DPH 

So the pull on any guy wire becomes 

0,75DPH sec a 


where a is the angle the guy makes with the horizontal. 

The foundation must be made large enough to take the vertical component of the tension 
on a guy in addition to the chimney weight. 

296e. Ladders.—Permanent ladders must be built into all large chimneys. 
They are placed on the outside. In the case of some guyed steel stacks the ladder is omitted 
but a pulley is attached to the top and a steel cable left in place so that a painter can pull 
himself up. 

296/. Lightning Conductors.—All self-supporting stacks should have a first 
class lightning conductor installed upon them. 


DOMES 

By Richard G. Dorrfling 

297. Definitions.—In a statical sense, and in contradistinction to plane structures like 
girders, trussesi and arches, where all external and internal forces are assumed to act within 
a plane, domes may be defined as space structures. Similar to plane structures, such struc¬ 
tures may be divided into solid and framed domes. 

Solid domes are curved shells of stone masonry, plain concrete, reinforced concrete, or 
riveted steel plate, while framed domes consist of compression and tension members either 
curved to the form of a shell and supporting a roof cover, or straight between panel points, but 
all panel points upon a curved shell surface. Framed domes may be built of timber, sted, or 
reinforced concrete. 

Generally a surface of revolution is chosen as the dome surface, generated by a straight 
line or a curve revolving about a vertical axis. A straight line will thus generate a conical 
surface, an arc of a circle a spherical surface, and a quadrant of an ellipse a spheroidal sur¬ 
face. Other generating curves employed are the cubical parabola for economy in design and 
reversed curves, like the ogee and similar onc^. for architectural reasons. All horixontal 
sectioila of domes of revolution are either circles or regular polygons; but domes have been built 
aometinies ellipiacal in plan and may indeed be built irregular in shape and simply defined as 
ifitells and framed polyhedrons. 
fM. Loads. 

fi96n. Wind Pressure.^lbe wtml pressure p upon a plane surface, at right an¬ 
gles to the dlteetion of the wind, is taken generally as from to 30 lb. per sq. ft. any 
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inclination between the surface and direction of the wind, p may be dissolved into two compo* 
nents, normal and parallel to the surface and, with friction between surface and wind equal to 
zero, it is only the normal component which acts as a load upon the surface. The relation 
between p, its normal component n, and the angle of inclination t, has been given differently 
by different experimenters, the simplest one, apparently the most rational, and the one mostly 
employed is that by F. v. Loessl, namely: 

71 — p sin i 

It has also been observed and well established that the direction of wind may vary from a 
horizontal as much as 10 deg., and while such increase in i would affect the pressure upon verti¬ 
cal and steeply inclined surfaces but slightly, it will gain in importance as the inclined surface 
approaches the horizontal. Fig. 487 gives the normal components of p = 20 lb. for 9 divisions 
of a quadrant, and the following tabulation gives these values of n for surfaces of different slope: 

For a slope = H }i H H H H H Ho 

n = 16.4 13.8 11.9 10.5 9.5 8.8 8.1 7.0 7.3 

2985. Snow Load.—If s is the snow load in pounds per square foot upon a 
horizontal surface, then the snow load per square foot upon a surface inclined at an angle v to 
the horizontal is: 

s' = s cos V 

For s = 20 lb. and = 40 deg. 30 deg. 20 deg. 10 deg. 0 deg. 

s' = 15.3 17.3 18.8 19.7 20.0 



_I 

Fio. 487.—Distribution of wind pressure. 


For V greater than 40 deg., snow will surely 
slide off and need not be considered. 

298c. Wind and Snow Loads.— 
If separate calculations for wind and snow are 
not made, it is customary instead to consider a 
vertical live load of from 20 to 30 lb. per sq. ft. 
of roof surface. 

298d. Dead Loads.—F r a m e d 
domes of timber or steel with tar and gravel 
roofing will weigh from 10 to 15 lb. per sq. ft.; 
framed domes of steel or reinforced concrete, 
with 2>2 in. concrete cover, from 40 to 50 lb. 
per sq. ft. A plastered ceiling will add about 
10 lb. to these loads. After a preliminary 


design the actual dead load may be very closely determined and the size of all members cor¬ 
rected if necessary. 

Solid domes of reinforced concrete have been built with a thickness of shell from Hso to 
Hoc of the span, with a minimum thickness of 2H in. The thickness is generally made uniform 
throughout, though the stresses call for a uniform increase in thickness from the crown towards 
the base. 

299. Framed Domes.—Though admirable domes of masonry have been built in ancient 
times^ the framed dome, with all its structural members upon a mantle surface, is an invention 
of modern times. The crude practice of constructing a dome of a number of radially placed 
trusses has not entirely vanished, neither the mistaken idea of designing dome ribs like arches. 
The forces acting upon a dome rib are non-coplanar, though for the sake of a simple analysis it 
is most convenient to proceed in steps from a coplanar system of forces to the forces outside the 
plane. 

The structural members of a modern dome frame are the meridian ribs, the horizontal rings 
or belts, and the diagonal ties. Their typical arrangement is shown in Fig. 488. In order to 
s^id.^bigaity of stress the ribs are not brought together at the crown but abut against a 
ring, termed the Intern ring, though it need not necessarily carry a lantern as indi- 





Soc* 


STRUCTURAL DATA 


707 


cated in the figure. The lowest ring is termed the wall ring. It is not really a necessary mem* 
bar of the dome frame but introduced to counteract the horizontal components of the rib stresses^ 
leaving all wall reactions vertical, each equal to the total load upon the rib above it. 

The ribs and the lantern ring are under maximum compression, and the wall ring under 
maximum tension, when the dome carries its maximum loads. Any intermediate ring is under 
maximum tension (or minimum compression) when the part of the dome inside the ring carries 
its maximum load while the ring itself carries its minimum load. It is under maximum com¬ 
pression (or minimum tension) when this condition of loading is reversed. This is readily 
understood when considering that in the former case the ring receives its maximum outward 
push, increasing tension or reducing compression, while in the latter case it receives its 
maximum inward push, increasing compression or reducing tension (see Figs. 492 and 493). 

Any diagonal cross tie finally must carry the diagonal component of the difference between 
the stresses of the ribs to the right and left of it * Hence, the possible maximum difference be¬ 
tween two adjacent rib stresses determines the maximum tension of the compensatii^ diagonal. 
This maximum difference in rib stresses is found generally in the dome panels parallel to the 
direction of the wind, assuredly so under the somewhat severe 
assumption that the windward rib carries snow and wind while 
the leeward rib carries neither. 

All loads are assumed to be concentrated at the panel 
points and the contributary load area for any panel point is 
determined by the dimensions to midway between adjacent 
panel points, as indicated by the hatched areas in Fig. 488. 

The weight of a lantern is carried by the panel points of the 
lantern ring while the loads upon the lower halves of the lowest 
ribs are carried directly to the points of support. 

The stresses determined by the following methods are 
compressive and tensile stresses for members straight between 
panel points. For curved members a bending moment equal 
to the axial stress F times the rise of curve must be considered, 
and if the members act also as supporting beams for purlins 
or rafters, as they mostly do, the bending moment due to such 
beam action furnishes another component of stress. For rings in tension the sum of these two 
bending moments make up the resulting moment My for rings in compression their difference, 
giving for the final design of a curved member a unit fiber stress of 



This formula applies also to straight members with M due to beam action only. For a rela¬ 
tively long member, the bending moment due to its own weight may be important enough for 
consideration. 

Though stress theory is based on freely turning joints, it is well to aim at rigidity of joints 
and provide a liberal amount of continuity across the panel points in both directions. Such 
departure from theoretic assumption is, in this case, on the side of safety. 

299a. Stress Diagrams.—^Let Fig. 489 represent a dome rib with panel loads 
Pi, Pit Pit Pi, and wall reaction Pi« 4 . Assume auxiliary horizontal forces Hi to Hi acting at 
the panel points 1 to 5 in the meridian plane of the dome rib, so that all forces immediately con¬ 
sidered are coplanar. The lower part of the stress diagram can now be drawn in the usual way. 
Beginning with the 3 forces at panel point 1, draw the force triangle PiRiHi* Proceeding to 
panel point 2, draw RiHt and so on, until the rib stresses R\ to Ri and the auxiliary forces Hi 
to H% have been determined, Hi being the sum of Hi to Hi, or the closing line of the force tri¬ 
angle for panel point 6. All that remains now is to resolve each one of the auxiliary forces H 
into its two component rings or belt stresses B which is done in the upper part of the diagram, 
the plan of the dome furnishing the direction of the P-lines. 

Since the angle between t^ B-lines is often quite acute, the B-etresses may as well be de- 



PiG. 488.—^Plan and elevation of 
typical dome frame. 
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termined by simple computation. Thus let h be the length of any B-memberand Aitshorisontal 
distance from the center of the dome, then, by similar triangles, 



A diagram like Fig. 489 drawn for maximum dead and live loads will furnish the maximum 
stresses for the dome ribs, the lantern ring, and the ^ all ring. Fig. 490 is another stress diagram 
for these 3 principal stresses, and though different in form from Fig. 489, it needs no further 
explanation. 

The sense or stress In dome ribs and lantern ring is always compressive, that of the wall 



ring is always tensile. The stresses of 
the intermediate rings, however, may be 
cither compression or tension according 
to the distribution of load, shape of 
dome, or position of ring. Fig. 491 
shows diagrams for determining max¬ 
imum compression and maximum ten¬ 
sion in these rings and are self-explana¬ 
tory. A maximum difference between 
any belt load and the loads inside the 
belt is sometimes caused by snow, but it 
is well to consider that during construe^ 
tion, a roof covering (slate, for instance) 
may be put on either from Drall ring up 
towards the crown or inversely, and in 
the same way the mode of construction 
of a plaster^ ceiling may furnish the 
critical case for maximum stresses in 
intermediate rings. Fig. 491 might be 
omnbined into one diagram, but the 
multiplicity of lines would be somewhat 


in iniermed- Max. tennton in intnm^diate confusing, 
late rings. ringi. maximuiii difference in panel 

loads between adjacent panel points^ as 
Is readily seen, will be g^rven by a loading reac h i n g to midway between such pointa. Onepanel 
mdfH is «mftying then H X H • H of a fuU panel load and the othm* H + 

difference of ^ pandload/ It is generally assamed, however, that one pa^ point 
mtir » fttU llw bad while the adiacent dne carries none. On this assumptbn, mm 


m in f niermiKl 


niKl- Max. Ummon in intnm^diate 
nngi. 

Fw. 401 
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diagrams like Figs. 492 and 493 may be drawn giving maximum H for live load ring tensioti 
and ring compression. These must be combined with H for total loads, Pig. 489, in order to 
obtain the total maximum which was obtained directly by Pig. 491. The stress T in a diagonal 
tie is a maximum where the difference between two adjacent rib stresses is a maximum. This 
critical case of maximum difference may occur during construction while a roof cover or 
plastered ceiling is carried gradually around the frame; it may be furnished by a one-sided 
snow load, by wind, or by snow and wind. The maximum load difference for two adjacent 
ribs due to one-sided roof cover, plastered ceiling, or snow, is a ^ panel load as before. 



push on n. live load ring 
tension. 

Fio. 492. 



compression 
Fxa. 493. 


The maximum wind pressures (as given in Fig. 487) decrease horizontally around the dome 
to zero where the panels are parallel to the direction of the wind. Referring to Fig. 488 

n' = n sin c 


or referring to Formula (1), the normal wind pressure for any point of a spherical surface is 

n' =* p sin i sin c (4) 

Designating a full panel wind load by nri, the maximum wind load difference between two ad¬ 
jacent panel points is 

for regular polygons of 8 16 24 32 sides 

nearly K H H, nA 



Fio, 494.—Max, tie 
stress construction upon 
dome panels develops. 



Oonridering that wind and snow will hardly be a maximum, at the same time, it seems reason¬ 
able to assume the maximum difference between adjacent rib stresses to be due to }4 live load, 
or ^ wind and snow load combined, and determine the maximum tie stresses accordingly. 
This may be done by projection upon the dome panels developed, as shown in Fig. 494, or by 
simple computation thus; If f be the length of a diagonal tie T, r the length of the adjacent 
ribs B, and R* the stress difference between them, then by simikr triangles 




max. T 
max. W 


- or max. Ti « max. Rx ^ 

f fi 

max. Tt max. 

etc. 
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Fig. 495 gives a stress diagram for wind loads normal to the dome surface, while Fig. 496 may 
illustrate possible economy in design due to form only, span and rise being the same for the 

three dome sections shown. The panel points of 1 are upon a cubical parabola the 

panel points of II upon a circle, and those of III upon a straight line. The three stress diagrams, 
I', II', and III', are drawn to the same scale and for the same dead loads. Comparing stress 
diagram I' with II', shows larger stresses for lantern ring and upper rib members, smaller stresses 
for lower rib members and wall ring, and zero stress for intermediate rings. The intermediate 
rings will be stressed, however, by variable loads, and the economical advantage of I over II is 
more theoretical than real. The lack in economy of III becomes evident by comparison with 
I or II. For a practical example, the location of the panel points for I, Fig. 496, may be com¬ 
puted as follows: 

d 30 

Let s « 90 ft. and d = 30 ft., then y = = 729000 ^* 0.0000412a;*, hence, with panel 

points 15 ft. apart horizontally 

2/1 « 0.0000412 X 3,375 = 0.14 ft. 

2/j * 0.0000412 X 27,000 = 1.11 ft. 

2/8 = 0.0000412 X 91,125 - 3.75 ft. 

2/4 * 0.0000412 X 216,000 = 8.00 ft. 

2/6 * 0.0000412 X 421,875 = 17.35 ft. 

Figs. 489 to 496 will serve to show that graphical methods are quite general in application, 
giving quick results for any form of dome, convex or conical, bell shaped or onion shaped. By 

inverse operation, the shape of a dome may be altered 
to conform to a desired relation or result of stresses. 

2996. Stress Formulas.—Stress formulas 
for domes are stated generally in terms of trigonome¬ 
tric functions, but since the slope angles, or their func¬ 
tions, must first be determined by operating with 
dimensions, or by scaling upon the dome drawing, it 
seems more direct and more convenient for the 
memory to give these formulas in terms of dimension 
or line ratios. Slope angle functions, however, may 
be readily substituted if desired. 

Stress formulas for the intermediate rings will, 
for choice in application and a clearer comprehension, 
be given in two forms: (1) for direct maximum and 
minimum values, analogous to Fig. 491; and (2) for 
total loading and for maximum difference between adjacent panel loads, analogous to Figs. 
489, 492, and 493. 

Now let P « a maximum panel load. 

D » a nominal dead load. 

L « a nominal live load, such, that at any one time P -- D ^ L gives the 
maximum possible difference between adjacent panel points. 

be an abbreviation for Pi + P*. 

Pm be an abbreviation for Pi -f Pt 4 * P$f etc. 
ri to r 4 be the length of rib members Bi to Ra. 
hi to 64 be the length of belt members Bi to P 4 . 
fi to <4 be the length of tie members Ti to Ta* 

Pi and hi be the vertical and horizontal projection of ri, eto. 

1h be the horizontal distance from center of dome to Bi. 

Then by similar trian^ throu^ut, and referring to*Fig. 497, all formulas may be written as. 

follow^ 



Fio. 497.—Plan and elevation of dome rib. 
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Rih Streaaea: 


Belt Stresses: 


Pi 


ri 


ht 


R:\ 


or Hi 


Pi Pi 

=-^orS. 


. P 

p« 
A. 


P4 


'Pi- 


r2 

II 

’^4 


( 6 ) 


= Pi 
= H 


max. B 2 = 
min. B 2 — 
max. Ba = 
min. B 3 — 
max. B 4 — 
min. B 4 = 


^ ~ compression in lantern ring (7) 


Pi hi 
hn 
Vi 

hi 


Tie Stresses: 


Hi ~hi 

Di^-(Di+Ps)-^ 

Pi Ps 

Pj_A’- (Pi_, + D,)^‘ 

(Di_, +P,)-^ 

Pi_>-(Pi_,+2>4)-J^ 

P4 P* 

(Di-, +P4)~ 

'■ h p*-. -■ 

Bs •= Pi-t — • 1 — = tension m wall ring 

P4 t>l 



Tt « Li 

ri Pi 

“ Pi 

Ts *= 7/1-3 “* 

Tt = 

Pa 

P> 


( 8 ) 


(9) 


( 10 ) 


Positive values of Formulas (8) mean tension, while negative values mean compression, hence 
maximum and minimum applies in an algebraic sense. In other words: a maximum is either 
a high plus value (high tension) or a low minus value (low compression), while a minimum is 
either a high minus value (high compression) or a low plus value Gow tension). Note that a 
load at any panel point does not influence the stress in any member above it, and that the formu¬ 
las for maximum B arc the same as for minimum B except that P and D have exchanged por¬ 
tion. Compare this with Fig. 491, where maximum P and minimum P were used instep of 
P and 2>. 

T 

Note further that L Formula (10), means rib stress due to a nominal live load equal to the 

maximum possible difference between adjacent panel loads. Compare with Formula (5). 

Formula (8) may be replaced by the following simpler forms: 


Bt 

Bz 

Bi 


iH 

‘■"Va 

(p-v- 

Pi 



ho 


hi 

?»/ 

1 hn 

'fci 

p h) 

i Ao 
'hi 


(11a) 


giving the stresses due to P. Plus values mean tension and minus values mean compression. 
These stresses must be combined with the stresses due to a maximum difference L between 
adjacent panel loads, namely, a tension for 


Pi 

» *r r ht ho 

D „ r ht ho 

(llA) 

and a compression for 

^ f ht ho 

Oi ^ Lt^ •t— 
pt hi 



» — r ^0 

B% ■« 

Pt VI 

Bi Li ^ 

Pi VI 

(lie) 
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Note that in (8) as well as in U 1)» ^ is the constant multiplier which resolves all ^'forces into 
^-stresses as in Formula (3). 

It will readily be seen that all stress formulas may be looked upon simply as analytical 



loading of 50 lb. per sq ft of dome surface, the stresses 
(7), (11a), and (9) as follows 


expressions of stress-diagram lines; similar 
triangles are the simple bases of derivation 
for both, or the geometric links between 
form of structure, stress diagram, or 
formulas. 

t99c. Numerical Bzample.—^Let it 
be required to design a dome of 180-ft. span and 
30-ft. rise with panel points upon a spherical surface. 

90*+ 30* 

The radius of the generating circle «* - 

» 150 ft. Choosing rings 15 ft. c to c. horisontally 
and a corresponding arrey of 32 ribs, the length of all 
members c. to c. panel points, and other dimensions 
required, may be computed or scaled with sufficient 
aocuracy from a skeleton drawing. These dimensions 
are given in Fig. 498. Assuming 15 lb. for frame¬ 
work with tar and gravel roofing. 10 lb for plastered 
ceiling, and 25 lb for snow and wind, or a total 
for total loading will be determined by Formulas (6). 


For panel point 1 

The panel area 50 

The panel load P * 2500 

Summing, P 2500 


Rib Stresset: 

«i - - (2500)(16.17/2.29) 
JBi « - (7000)(15.60/3.87) 

« - (13,950X16.02/5.62) 
i?4 - - (23,650X16.90/7.57) 
« - (36.450)(17 97/9 90) 


2 3 

90 139 

4500 6,950 

7000 13,950 

(All stresses are slide rule values) 

— 16,570 (compression) 

— 26,120 (oompression) 

— 39,700 (compression) 

— 40,000 (compression) 

-- 66,200 (compression) 


4 5 

194 256 sq. ft. 

9,700 12,800 lb. 

23,650 36.450 lb. 


Bell Streeeee: 

(2500)(15/2.29)(15/2.94) >■ — 83,600 » compression in lantern ring. 

Bt « ((2500X15/2.29) - (7000X15/3.87)1(15/2.94) - ~ 54,800 (compression) 

Bt • 1(7000X15/3.87) - <13.950X15/5.62)1(15/2.94) - - 51,600 (compression) 

Bi 1(13,950X15/5.62) ~ (23,650)(15/7.57)Kl5/2.94) » - 49,400 (oompression) 
Bt « ((23,650X15/7.57) - ^36,450X15/9.90)1(15/2.94) - 42,100 (oompression) 

Bt » (36,450X15/9.90X15/2.94) « 281,400 « tension in wall ring. 


Increase or decrease in belt stresses due to a nominal live load L (or an assumed maximum difference between panel 
loads at the ring and those within the ring) of 10 lb. per sq. ft. due to ceiling construction or other causes. 


For panel points 


1 2 3 


4 5 

Nomina] lire load L «• 

500 900 1390 

1940 2560 lb. 

Summing 

L « 

500 1400 2790 

4730 lb. 

By Formula (115) 

Bt - 

(500X16/2.29X15/2.94) 


16,750 (tension) 


Bt •» 

(1400X15/3.87X15/2.94) 

w 

27,700 (tension) 


B 4 ■■ 

(2790X15/5.62X15/2.94) 

wm 

28,200 (tension) 


Bi * 

(4r30)(15/7.57)(15/2.94) 

- 

47,900 (tension) 

By Formula (lie) 

B, m 

(900}(15/8B7)<15/2.94) 


— 17,800 (oompression) 


Btm 

- (1390)(15/5.62)(15/2.94} 


- 18,900 (oompression) 


JEr4 - ~ <1940)(15/7.57)(15/2.94) - 19,600 (oompnaston) 

(2560)(15/9.90)(15/8.94) - 19,800 (eompreSsicwi) 


fie etrmee due to a nominal live load (or an assumed maadmom difference between to adlaoent panel loads) 
of Ilf of a 204b. snow lead m 15 Ib, per sq. ft. 


For panel points 
Jlandnat ffre load 

I 


4 4 < ' 


1 

m 

750 


2 3 

1819 2085 

ssormqs' orqpaFw 

siM iHu 


4 ft 

MM SM» 

tlM 114U 
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By Formula (10) Tt - (7d0)(lfi.82/2.29) - 6480 lb. 

ft- (2200)(17.17/3.87) • 9.7701b. 

Ft » (4286)(19.06/5.62) « 14.540 lb. 

Tt m (7l96)(21.60/7.67) - 20,4001b. 

Tt - (11.036)(24.21/9.90) - 27,000 lb. 

Adding the two compresAione for intermediate rings gives the maximum axial compression for 

Bt Bi Bt B§ 

72,000 70.600 09.000 61,900 lb. 

These ring members will also serve as supporting beams for wooden rafters, radiating with the rib members and 
carrying wooden sheathing and roof cover. Hence, in addition to the maximum axial compression, they will be 
subjected to a flexural stress due to beam loads P>, Pt, Pt. and Pt, and should be designed, in agieement with 
Formula (2), giving a fiber stress 


B 

A 


Pb e 
8 ’/ 


All dome members will be of steel and straight between panel i>oints except the lantern 
ring which will be curved. The wooden rafters may be cut to the curvature of the 
dome without great expense 

The design of the lantern ring requires particular care. In addition to its maximum 
axial compression, it is subjected to bending by any inequality in thrust of the abutting 
rib members. It must hence be made stiff as a whole, both vertically and horizontally, 
and spliced to its maximum obtainable value so as to make it a continuous circular 
girder beam. 

The bending action due to the horizontal components of thrust inequalities may be 
computed upon the severe assumption that the nominal live loads L act upon two op> 
posite quadrants of the dome, while the other two quadrants carry no live load. Then, referring to Fig. 499, if r is 
the radius of the ring and p a uniform load per foot, the bending moment of the ring is 



Fio. 499.—Bending ac¬ 
tion on lantern ring 


M - I rr» 


( 12 ) 


For the present example, the horizontal thrust of Pi for a nominal live load of 16 lb. persq. ft. is (750)(15/2.29) 
4930 lb. 

4930 

2~94~ ** ring. 

Af - (1/6)(1680)(16)« « 76,600 ft.-lb. « 463 in.-tons 


The axial compression in the lantern ring is 42 tons 
•* 102.6. Formula (2) gives a maximum fiber stress of 
^ 42 . 463 


For a Bethlehem 12-in. 78-lb. H section. A 22.9 and 


22.9 102'6 * 


800. Framing Jiftterial and Cover.—Although the framing material and cover are governed 
largely as for building construction in general, by economy, temporariness, permanency, archi¬ 
tectural requirements, building laws, etc., it may here be emphasized that timber is a suitable 
material even for very large domes. With all purlins or rafters cut to the curvature of the dome 
and well connected to either a timber or a steel frame, good timber sheathing ^ or 1 in. thick, 
and thoroughly nailed down in two diagonal layers, will supply a considerable amount of 
bracing, and for smaller domes perhaps the only bracing necessary. For steel dome frames, up 
to 50 ft. diameter and more, sufficient bracing may also be obtained by the use of gusset corner 
plates parallel to the dome surface at all panel point connections. A reinforced concrete shell 
upon a steel dome frame will naturally take the place of the diagonal panel bracing, but the spac¬ 
ing of either ribs or rings for such structures should be to accommodate a thin shell reinforced 
in two directions. For close rib spacing, alternate ribs may terminate halfway up. A steel 
frame entirely (ireim>ofed with concrete seems an uneconomical structure if reinforo^ concrete 
ribs and lings of not much larger bulk will do the work. However, most reinforced concrete 
domes so far constructed are solid shells without ribs or rings except a lantern ring if not entirely 
contiiiuous at the crown. 

lOL SsUd Domes.—The analysis of solid domes is not essentially different from that of 
framed domes. H tiie ribs and rings of the* latter are imagined to be spaced closer and closer, 
the stress conditions of a solid dome are practically realized. 

80ta. Ofaj^dcil Uelliod.—Fig. 500 (a) represents a stress diagram lor a solid 
hemfei*iericiddomeanal^^ dome, llietriangles01'r',02"2",08'3"', 
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etc. are force triangles of P, and H for points 1, 2, 3, etc., hence the curve 01'2'3' etc., en¬ 
closing these force triangles, gives R and H for any point along the meridian section of the dome. 

The area of a spherical segment is 2irry, hence all belt areas are proportional to their y*8. 
This, for a spherical dome of uniformly distributed loading p per sq. ft. of surface, permits of a 
rapid plotting of diagrams like Fig. 500 (a), as indicated. The total weight of a hemisphere 
. (=2irr*p) laid off to a convenient 

.‘‘“j.^ scale from the center of the 

dome along its vertical axis, and 
any equal or unequal division 
into belts projected upon it as 
shown, furnishes at once the 
complete load line without 
^ further computation. H is the 
horizontal shear across the shell 
as indicated by pairs of arrows. 
It reaches a maximum where 
the stress curve 01' 2'3' etc. re¬ 
turns, namely, at an angle be¬ 
tween generating radius and 
vertical of 61 deg. 50 min. as 
shown. Above this point the 
belt stresses B are compressive, 
below it they are tensile. 

The difference AH between 
two P-lines enclosing a belt is 





IS 


Without Lantern 

(o) 


With ^nfern 


Fig. 500.—'Stress diagrams for solid domes. 


the radial horizontal thrust around this belt. equals thrust per unit circumference. 

To determine P, let Fig. 501 represent a unit length of a horizontal ring, largely exaggerated. 
Then by similar triangles 


B: 


AJH 

2 wx 


- a;: 1 




This gives the belt stress per foot of meridian if AH is taken accordingly, as shown in Fig. 500 (a). 

R 

2 ^ gives the meridian stress per foot of circumference of belt. 

For practical application the load line is made equal to r*p, thus eliminating 2 t from the 
operation and obtaining: 

B » AH s belt stress per foot of meridian. _ 

R : 

and — * meridian stress per foot of belt. t'Frx' 

Compression concentrated in lantern ring =« P at 
lantern. — Determination of belt etreee. 

Tension concentrated in wall ring ^ H at wall. 

The latter will be a maximum for a dome terminating at 61 deg. 60 min., where AH is zero. At 
90 deg. H is zero and AH a maximum. Note, however, that the stress diagram may be con¬ 
tinued for domes extending spherically below the equator where the wall ring stress would then 
be compressive. 

Kg. 600 (a) is drawn for a dome continuous at the crown, while Fig. 600 (b) will show the 
slight difference for a dome with lantern. 

For a dome shell increasing in thickness from crown to base, or for nonuniform loading, the 
load line is determined in the usual way, using belt areas ry. 

In order to comprehend the stress conditions at the crown of a closed dome, imagine the 
lantern ring replaced by a solid plate which must necessarily be under compression in all direc* 


' ^ For acdnical dome the method is still simpler, but the stress diagram bad better be drawn 
JII' (Kg. 496). 
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8016. Analytical Method.—Dead plus live load per square foot of surface is 
designated by p. The area of a spherical cap above a plane cc (Fig. 502) equals 2 irry. 

The vertical reaction along circumference cc = total load above cc, that is, 2wxR sin v » 
2 wTypt or since z « r sin v and y « r (1 — cos v) 

R = * co s *!L r1a^ 

sin* V (1 — cos* v) 1 -H cos v ^ 

R is the meridian stress per unit length of circumference of belt. At the crown cos !>=*!, 

TV 

hence JB * At the equator cos v ~ 0, hence R « rp. Now let B be the belt stress per 

unit length of meridian, then from the greatly exaggerated force plans of Fig. 602, in which Ac 
and Ah are very small angles. 

H = 2B sin Ah = ® 

2 x X 

and 2 R sin Ac = 2/J.J == ^ 

2r r 



Fio. 502 —Dome shell 


r^^radfus of•$phericaf sM/ 
p*mighF per sq.0.ofst/r^rGe 



Fig. 503.—Stress values for solid domes. 


The three forces J?, JB, and p upon unit area at c must be in equilibrium, hence their components 

in any direction « 0. This for direction r gives 

B . ^ R . 

sin c + - — P cos V =0 
X r 

and since R = ^ fP- and = r 
1 cos V sin V 


B = rp(COS V — —p \ 

14- cos V/ 


At the crown cos c * 1, hence B 


At the equator cos c = 0, hence B — --rp (tension) 


Following is a table of (1 4- cos c) and (cos v — for convenient application of 


Formulas (13) and (14), and Fig. 503 is a graphical representation of these formulas. 


Angle V 

(1 4“ cos v) 

+ C08*) 

0 

2.000 

-0.500 

10 

1.985 

-0.482 

20 

1.940 

-0.426 

80 

1.866 

-0.331 

40 

1.766 

-0.201 

60 

1.643 

-0.034 

61 deg. 50 min. 

1.618 

±0.000 

60 

1.500 

-1-0.167 

70 

1.342 

+0.403 

80 

1.174 

+0.678 

n 

1.000 

+1.000 
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The vertical and horkontal wall reactions per foot of wall ring are /2 sin r and R cos v. The 
tension in the wall ring is Rx cos r. 

301c. Eeinforcemeni.—^The reinforcement is placed in direction of meridians 
and horizontal belts. Outside of wall ring or of the tension belt area below 51 deg. 50 min., 
the shell need only be lightly reinforced against shrinkage and temperature cracks, for the 
unit compression of the concrete will ordinarily be found very low. For a semispherical 
dome, for instance, of 100-ft. span, and 5«in. thickness of shell, and a loading of 72 lb. per 

144 X 50 

sq. ft. in addition to its own weight, the compression and tension at the base « —^ - 

100 lb. per sq. in., and the compression at the crown, one-half of this. 

It is assumed generally that the pressure surface of a dome shell, analogous to the pres¬ 
sure line of a well designed arch, may oscillate within the middle third of the thickness of 
the shell, hence the maximum unit compression should not exceed one-half of the permissible 
compressive stress of the concrete. This is of less importance for architectural domes, for 
which as already stated, the compression of the concrete will hardly ever reach that amount, 
but for subterranean domes and domes for tanks under large earth or water loads, it will 
determine the thickness of the shell. 



SECTION 4 

GENERAL DESIGNING DATA 


ARCHITECTURAL DESIGN 

By Arthur Peabody 


1. Theory of Design. 

la. Three Fundamentals.—In 1024 Sir Henry Wotton, an English architecti 
stated the requirements of good architecture in three words, ‘'commoditie, firmeness and 
delight.^' 

This covers the ground today as it did 300 yr, ago. A building that is commodious in 
the sense of being suitable and sufficient for the intended use, one that will withstand the effects 
of nature and the loads and strains to which it is subjected, and that is pleasing to the intelligent 
and unprejudiced observer, represents good architecture. None of the three primary elements 
are independent of the others. The plan must be sufficiently flexible to meet the demands 
of stability and appearance. The structural system must adapt itself somewhat to conditions 
and the artistic scheme must be pcrfect<^ without seriously trenching upon the other elements. 

16. The Language of Design.—A design must declare its intention, so far as 
possible. It should indicate the character of the building as political, religious, domestic, etc. 
In the expression of this lies a good measure of its success. Ilie several parts of a design must 
be in harmony if not in symmetry, and in scale—that is to say, commensurate one with the 
rest. Finally, good design requires grace of form, articulation of parts, dominant elements, 
proportion and emphasis. These qualities are dependent upon mass, outline, color and detail. 

l c. Characteristics of Design.—A design may be simple, that is, consist of a 
few elements dominated by a single point of interest, as in a church spire. It may be complex, 
with similar parts symmetrical about a central axis like the Elizabethan Manor, or irregular, 
with sharply articulated masses arranged in a picturesque manner so as to bring about a pleasing 
result, as in the dormitory quadrangles of some of our Universities. The ordinary limits of 
the safe use of materials and structural methods should be kept in mind. Curious expedients 
for the solution of problems arouse criticism and usually reflect on the quality of the design. 
The element of apparent stability affects the impression of beauty. Apparent stability is 
ordinarily connected with mass. A stone column appears to be stronger than an iron post 
of equal structural value. The iqipearance of strength is therefore satisfied better in some 
instances hf stone than iron. From the customary mental attitude toward them, columns 
attribute strength to a building although used in a purely decorative way. On the other hand, 
openings out of scale with the design, though constructed in a very stable manner, detract 
from apparent strength and reduce architectural value. 

l d. Use of Elements*—In the matter of scale, small units may be made tp 
inctease the apparent size of a building, or large ones to diminish it. Architectural size is 
measured in terms of the human figure. It would be impracticable, however, to adhere closely 
to this unit, especially in sculptural decoration of buildings. It is necessary to increase such 
figures to aitmid itie si^maraiice of diminution^ due to juxtaposition with elements that m^t 
inevitably jpartake of unusual dimensions. The actual size of units must harmonize with 
the Scafe of lAe buildings Very large stones appear out of place on a small cottage, or very 
small Stom^ on a large buitding, Bxpecially on the interior, members of great strength must 
be eonrilder^^ marfsedt, to obviate their crushing effect. In short, “absolute frankness*’ 
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would be as disastrous in architectural design as in everyday life. Vertical lines add always 
to slenderness. Horizontal lines increase strength. For this reason fluted Corinthian columns 
are used in upper stories, while the Tuscan order of the lower parts may be rusticated, along 
with the massive ashlar of the building. 

le. Color and Ornament.—Color is one of the important elements of design. 
The same building which in the purity of white marble would reflect and etherialize the intention 
of the architect, might be an abomination in cold red sandstone. The vagaries of certain 
Italian work are more or less glossed over by the magnificient color and quality of the materials. 
For this reason, in the use of mixed materials such as stone and brick, discretion is a saving 
virtue. In a general way delicate members are quite useless in materials of strong and especially 
of sombre colors. The play of light and shade is to a great extent lost, and members which 
would be adequate in light colored stone, appear weak and non-effective. The bright red of 
modem tile, or the variegated tints of rock faced slate, must be reckoned with in the completed 
color scheme of buildings. 

Carved ornament, which may be thought of somewhat as a color decoration, must be placed whore it will 
emphasize an idea. This it cannot do if placed where it will not be seen, or dissipated over a building in such a 
manner as to signify nothing in particular. Placed on a bra«'ket it increases the effect of strength by its light and 
shadow and is therefore justified. The same use applies to the carving on a capital, which increases the apparent 
sise and adds to architectural strength. 

2. Architectural Style.—An architectural style is an assemblage of parts, ornaments and 
details forming a definite structural and ornamental system of design. It is formed partly on 
tradition, partly on stmctural methods. A new clement introduced into an existing style 
may in time produce an entirely new style, as in the case of the Gothic, which owes its existence 
to the intelligent and persistent use of the pointed arch and vault, together with the supporting 
buttress, as new elements applied to the previous architectural system of the round arched 
style. 

A style seldom becomes free from similarity to its predecessor. It tends to carry along, as purely ornamental 
features, elements which originally had a vital function. In this way the dentils and modillions of the Corinthian 
Order remain as obsolete members, the function of the bracket having been replaced by other structural elements. 

2a. The Gothic System.—Gotliic architecture as developed principally in 
France depended upon the arrangement of arch ribs, vaults, buttresses and flying buttresses 
so combined as to make a stable, constructive system. The problem of the vaulting was the 
whole matter. During the Romanesque period this was founded on the semi-circular arch, 
which from its nature fixed the height of the vault over a given width of nave. The adoption 
of the pointed arch freed the nave from this limitation. It might then be as high as the exi¬ 
gencies of constructive materials would permit. To resist the outward thrust of the main 
vault the expedient of the buttress was employed. As the height was gradually increased, by 
extending the wall of the clerestory, a second row of braces called flying buttresses was employed. 
The system was now complete. The buttresses took the place of the heavy walls of the previous 
Romanesque style and the spaces between were filled by thin enclosing walte pierced by great 
windows. Over the stone vaults a false roof of timber work kept off the rain. The progress 
of the style led to increased slenderness and more complicated decoration until the limit of 
resistance was reached in some cases. 

Military Gotbie grew out of the needs of the feudal system and was developed most completely in France. 
Baaad upon the art ol warfare of the time, the castle, or chateau, consisted of a walled enclosure of considerable 
area, with great towers at points of advantage. The area was divided into the outer court, containing barracks and 
driU grounda and other buildings, and the inner court containing various buildings of good sise, behind which was the 
great tower, donjon, or keep. The castle was ordinarily located on broken ground, for defensive purpoaei. The 
bank ol a fiver, and particularly the land between a liver and one of its branches, was thought to be desirable for 
this reason. The keep would he located at the point of intersection, and the plan of the works wottld desefibe an 
inegular triangle, the enelosing wall following the banks and the front wall dosing the interval betwaen them. 
The 4nNhen of the chateau varied with the progress of military art up to the advent of gun powder in war, At alat^r 
date ^ bpiMlagi of the Inner court, lari^ remodeled and beautified* beeamo the chateau or ooutitry seat of the 
deet^idaisl (bf ihe feudal lord. Contyeetion idth'civil ardiHeoture was thereby established and the elleci on i^vaie 
be seen in modern French residences ol large sise. 
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26. OniAiiients of the Gothic Style.—The method of ornamentation and the 
detail of ornament in Gothic architecture is quite different from that of the Henaissance. It 
is less sophisticated) has less repose and is less commonly repeated in exactly the same form. 
It is bold, variable, constantly substituting equal values for identical forms, and is imbued 
with the virility and strain that is characteristic of the style. Among the continuous ornaments 
are moldings, derived largely from the grouping of slender shafts about a pier or at the jamb 
of a window. The intention of these is to produce a strong effect of verticality and of light 
and shade. During the early period of the Gothic this was the principal ornamental motive. 
In the decorated Gothic the moldings were interrupted by ornaments at intervals or formed 
to contain them within the concave members. These took the form of grotesque heads, or 
flowered bosses. In English Gothic a rounded ornament called the Tudor apple is spaced 
along the moldings, like a series of knobs. The forms of Gothic moldings are to some extent 
determined by the intention of serving as water dnps. No large projections give room for 
decoration as with the Classic cornice. The label or lip moldings of the arches end in rosettes. 
The slender cylindrical shafts of the columns arc decorated with molded bases and elaborately 
carved capitals. In the complicated interlace, derived from the Celtic, to the delicate leafage 
of the best period, the entire gamut of variety is run. The shafts are sometimes decorated 
with zig zag chevrons. The bases are frequently round, or octagonal, with deeply cut moldings. 

From the Romanesque the diaper or lozenge pattern is carried into the style for decoration of flat surfaces. 
The intersections of vault ribs are ornamented with carved rosettes or pendants. Buttresses, at first plain, are 
later decorated with pinnacles bearing poppy heads. The flying buttiesses, especially on their pinnaciee, are 
ornamented with crockets. 

The Gothic window is ordinarily divided by stone mullions, which interlace at the arch level. From his arose 
the Gothic tracery of pierced stone work, which became one of the distinguishing features of Gothic decoration. 
At first geometrical, it presently developed into wonderful figures and wavering branchings. Traceries are called 
trefoil or “three leaved," quatre foil, cinq foil. In combination with stained glass of brilliant beauty, the Gothic 
window became a distinguishing feature of the style. Tracery, like every other excellent thing, was carried to its 
ultimate form in the lace^like stone draperies o\er the elaborate niches of the late period. It decorated not only 
openings, but spread over the surfaces of vaultings, ever increasing in complexity with the development of the 
Gothic style. In Spain it was crusted over with minute decorations and filagree. The effort toward slenderness 
and multiplicity ended with the extreme of possibility in chiseled stone. This applied not only to decoration, but to 
structure as well, until a halt was called by the final breaking down of parts. 

2c. The Renaissance Style.—The Renaissance occurred in Italy in the 15th 
Century. The chief characteristic of the Renaissance style of architecture is the use of the 
Greek and Roman architectural orders and decoration. The models for these were derived 
from study of Roman remains in Italy by the architects Vignola, Pallsdio and others. 

2(2. Orders of Architecture.—An order is a principal element of style. Having 
represented, at first, the entire expression of a limited architectural scheme, it has at a later 
time shared with otW similar orders in the development of the completed system. The term, 
order, is used only in connection with the Classic and Renaissance styles. In the Gothic 
style there are no such distinct demarcations, but examples are spoken of as being in the French 
or English Gothic, the flambovant, or perpendicular, as the case may be. 

An order is made up of the column, with its base and cap, the architrave, frieze and comice. 
Where the comice is divided and extended along a gable to fit the pitch of the roof, it becomes 
a pediment. The space enclosed between the level cornice and the slanting portion is known aa 
the tympanum. Any portion of an order may be ornamented according to customary use. 
The ^nRpnnum may be filled with sculpture. The best practice is to ornament alternate mem¬ 
bers only, leaving plain fillets or bands between. In the last period of Roman architecture, 
satire surfaces were covered, but the result is admitted to be inferior. The period of the Renais¬ 
sance gave opportunity for experimentation with the detail of orders, which was carried out to its 
ultimate conclusion. Some of the more worthy variations are still employed. The rusti- 
e«ted Doric is one such. In this the raised surfaces of the adjacent stone work are repeat^ 
on the columns. In other ways, such as variations in the fiutings or in the amount of entasis 
employed, the intention of the artist to modify or emphasize the value of parts is shown, as 
fleecisary to the harmoi^ of the design. The illusWations of the orders here given are 
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Por gfsncrul of this order, sec Piste IV. 
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from the works of G. B. da Vignola, an Italian architect, 1507-1573, commonly regarded as an 
authority. 

The orders of architecture as employed by the Romans are five in number, namely, Tuscan 
Doric, Ionic, Corinthian and Composite. Of those, the Tuscan is the most massive and simple. 
''Fhe other orders decrease gradually in mass and increase in height so that the Corinthian and 
Composite represent the most slender and ornate. 


In the single storied temples of Greek and Homan davs the order was of sufficient size to extend to the full 
height of the building. In larger structures they were sometimes placed one over another, corresponding with the 
stories of the building. This is called superposition. In this use the more massive Doric, cr Tuscan, is employed 
in the lower portions and the slender Corinthian, or Composite, in the upper stories In some buildings all five 
orders are used. In others two or throe at will. Above an order there may be developed a story called the attic. 
This was employed by the Homans on their triumphal arches. It is now frequently used on a great buUding to 
increase the height of it, or of some prominent part, without increasing the scale of the order. Examples of the 
attic story may be seen on large buildings such as the new National Museum at Washington. The attic is a rather 
low structure, massive in detail, and may be crowned with a cornice molding. The surfaces are left plain or 
panelled, or may have openings. Pedestals, spaced at the same intervals as the columns below, may serve as bases 
for free statues or other ornamental forms. Instead of the attic story there is sometimes employed a parapet above 
the cornice, with pedestals and balustrades. 

Beside the Roman orders the Greek Doric is sometimes used in mo<lern work This order differs from the 
Homan Doric, being more massive and severe. The column is without a molded base. The twenty flutes are 
broad and shallow, without fillets. The height of the column varies from diameters in buildings of the early 
period to 5>2 in the best period, that of the Parthenon, and to 6 or more diameters in later examples. The cornice is 
simple and heavy, about two diameters in height. The other Greek orders are the Ionic and Corinthian. These 
differ from the Homan in certain details. 

An order may be raised upon a pedestal, or the building may be set on a base or stylobate, upon which the 
order will then rest. The order may stand free, as on a portico, or may be engaged with the wall. It may extend 
through a single story or include several. It may be in connection with an arcade, under another code of customary 
use. Instead of columns, or in connection with them, rectangular shafts, known as pilasters, may be employed to 
bring about a complete design. In this use the question of entasis has given rise to some controversy among purists. 

The various orders commonly include a certain ornamentation, such as molded bases and carved capitals and a 
cornice bearing a regular system of ornament as a minimum. 

In Greek and Homan use the plainer orders were sometimes decorated with color and gold. Along with a 
fixed proportion of parts, an order contemplates a certain spacing of columns. These quantities vary with the 
different orders, the more massive Doric columns being set close together and the slender Corinthian farther 
apart. An appearance of slenderness is given to the columns by concave fiutings on the shaft, while at the same 
time the optical illusion of central diminution, observed in a cylindrical shaft, is overcome by forming the columns 
with a convex curve diminishing to the top. This is referred to as entasis. 

The orders have long since lost their character as primary supporting members, and have become almost wholly 
elements of design. The skilful use of them to indicate rather than to furnish actual strength is the province of the 
designer. This element of aesthetic values is one which prevents architecture from becoming an exact science. 
Such values cannot be determined by computation and set down in tables, like the safe working strength of steel 
beams. Within the rigid limits of customary use a wide field of variation is open to the designer. 

26* Architectural Ornaments of the Renaissance.—Renaissance moldings con¬ 
sist of curved surfaces^ concave and convex, or of a multiple curvature, applied to the bases, capi¬ 
tals and cornices of this style of architecture. The surfaces of these moldings are frequently 
enriched by carved ornament, such as the acanthus leaf, the egg and dart, lambs tongue, bead 
and reel, fiutings, the wave ornament, the guilloohe or interlace, the honeysuckle, the garland 
and the Greek key or labyrinth. These are the most common of the continuous ornaments. 
Beside these a number of ornaments are employed such as the antefix or acroteria, sometimes 
employed as a cresting above a cornice, the lions head, the cadeuceus. Columns are sometimes 
replaced by standing female figures called car>^atids, or male figures called Atlantes. The 
Doric friese is ornamented with the trigylph, a vertical figure of three units placed regularly over 
the columns. Between these, in what are called metopes, are placed ornaments representing 
oxHikulls and garlands. Under the projecting portion of the cornice of this order a fiat 
ornament is used, called the mutule. This is replaced in the Corinthian by a scroll bracket. 
Acroteria are placed at the peak of the gable or pediment and at the eaves. The Roman Doric is 
ornamented in a different maimer from the Greek. Sculpture is used in various ways to deco^ 
rate buildings in tliis style. Besides figures in relief on the frieze of the cornice, free statues 
may be placed at various points either on the stylobate, as on the Bureau of American Ilopub-* 
4f 
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lies at Washington, or upon the parapet or attic story. In the case of the Triumphal Arch, 
horses and a chariot may crown the structure. This is called a quadriga. 

ZJ. Modem Styles. —^The principal architectural styles in America are the 
Renaissance and the Gothic. Other styles have attained a temporary vogue at times through 
the exceptional merit of some designer. Among such is the Romanesque style as developed 
by H. H. Richardson, an architect of Boston. 

The Renaissance was re^tablished in this country by the extraordinary display of talent 
at the Worlds Columbian Exposition in 1892. 

The Gothic style for ecclesiastical buildings, and for some of the universities, has been 
restored to favor by the excellent work of a few talented architects. 

The successful application of these styles appears to depend largely on the proportions of the buildings m 
question. Where the main dimensions are horisontal, the Renaissance appears to be most commonly successful. 
For those exhibiting a preponderance of vertical masses, tne Gothic stylo seems to be well suited. Either of the 
styles is pleasing for buildings of certain types, whore extremes of dimensions do not ordinarily occur. In this way 
the collegiate Gothic, so^lled, is adaptable to school buildings faced with brickwork. The absence of horisontal 
members, common to the Renaissance, aiffords considerable freedom, while the Gothic system of ornamentation 
gives room for emphasis of prominent parts. Many of thjese, however, can be treated equally well in simplified 
Renaissance. In private-house work of the better class the designs follow the two principal styles in use. A num¬ 
ber of actual reproductions of European dwellings, more or less accurate, exist, but the majority of designs follow 
a free Renaissance in so far as they are capable of being classified. Architecture in America is now passing through 
a transitional period and may easily develop into a new interpretation based on modern use and new structural 
materials such as concrete, steel, stucco, and hollow tile. 

High Buildings.—Store and office buildings and hotels in large cities have 
been aflfected recently by the building laws of New York City. One requirement of the law 
which has had the most influence has been that the fronts of buildings must be set back after 
reaching 12 or more stories and further set back after extension to greater heights. This require¬ 
ment has produced buildings of a type quite unusual and one which may lead to an entirely new 
architectural style, even where the practical necessity of setbacks to secure light and air does not 
exist. Isolated buildings like the Tribune Tower, Chicago, the Woolworth Building, American 
Radiator Building, New York Life Insurance Building, New York City, do not show this 
tendency in a very marked degree, but the Barclay Vesey Telephone Building, the Heckscher 
Building, Fisk Building, Equitable Life Assurance Society Building, Standard Oil Building, 
Delmonico, Paramount Theatre, Evening Post, and Eastern Terminal Building, and others in 
New York City illustrate the new development and suggest a new system of massing and 
ornamentation. 

Taking th« first of these examples as sufficient for illustration, the notable items are the dimensions at the 
ground level, 213 X 259 ft., covering the entire area of the premises. Tbese dimensions are employed with small 
offsets up to 17 stories or about 262 ft. of height. Above this the building is reduced to 100 ft. square and extended 
12 mos^ stories, making a total of 434 ft. above the street. The building has 4 stories underground, making a total 
building height of 497 ft. The groimd story is for stores. The remainder of the building, the second to the tenth 
stories, is occupied by the Telephone Company and the remainder by offices for buriness. The lowest level of 
oocupied space, being the engine and boiler room, is ft. below the street level. This building is simpler than 
some others but illustrates the principle of offsets clearly. 

All buildings of this type and dimensions are built on foundations extending to solid rook. 

The Equitable life Assurance Society Building may show the most literal Compliance with 
the code as regards setbacks. In general, these buildings demonstrate that a new treatment 
arising from a legal restriction requires considerable time in which to arrive at perfection in 
massing and ornament. 


PUBLIC BmDINGS^OSNERAL 0BSIGH 

Bt Abtuur* Peabody 

S. State Caj^tels««-*The modem state capitol building serves two principal foiietioii% one 
politieidt indudhig those of the govmioT, legislature and judiciary, the seetetary ci statei atidi* 

the U. S. Ooverumeiit are not iholuded, m theee are ufuaUy deaigiiOd hy ihe Sufiairvleliif 
tact'of efftatca. 
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tor, treasurer, attorney generaL The senate and assembly chambers of unusual height, the 
court rooms and the govemor^s suite, together with the necessary parlors, committee rooms, and 
offices cover the requirement of this branch of the state government. The other division of 
government comprises the non-political boards and commissions charged with the administra¬ 
tion of the various institutions of the state. Among these are regents of the university and of 
normal schools, the board of control of penal and charitable institutions, the commissioners for 
railways, highways, civil service, conservation, engineering, architecture, etc. These bodies 
maintain separate working staffs, largely of a clerical nature, and, for such, ordinary office 
spaces are required. 

In recent capitol buildings these two divisions have been segregated one from the other. 
The capitol building for the state of Nebraska is an example of this arrangement. The central 
and monumental portion of this building is quite high and imposing, culminating in a tower 
of considerable height. This tower is incidental only. A dome would have been as appro¬ 
priate, as shown on some of the designs submitted in competition. The portions here devoted 
to state business are distinctly separate and afford better use of space and greater convenience 
because of the adaptation to their purpose. 

4 . Courthouses.—The typical court building, which may be enlarged to meet more com¬ 
plicated conditions, comprises a court room of good size, with chambers adjacent, sufficient 
to accommodate the several judges holding court at that place. A private office adjacent 
to each is required. Two or more jury rooms are necessary, of about 14 X 20-ft. dimensions; 
between these, a sheriff's office with entrances to control both rooms. Waiting rooms for 
witnesses are required. One or more detention rooms are necessary, where convenient access 
to the jail is not provided. The offices of the county clerk, treasurer, surveyor, and other 
officials will be located in the building, usually in the first story. The arrangement of the 
court room is that of a hall with the judge's desk on a platform, a space for attorneys, clerk, 
and stenographers about a large table, and a space for witnesses. The 12 jury seats are at one 
side, frequently on the left, within a separate railing. The seats are raised above the floor 
on a stepped platform. The witness box is placed between this and the judge's platform, for 
convenient hearing. The rpom requires special lighting and ventilation and should have good 
acoustic properties. The judges' suites should have separate toilets. Separate toilets should 
be provided for each jury room, detention or waiting room, and for the public. 4 library room 
is desirable but in small court houses is not imperative. The treasurer and the county clerk 
will require large storage vaults, with a money vault for the treasurer. 


Ordinary room siaes for small court houses: 

Court room... 

Judges* chambers. 

Judges* private offices. 

Library. 

Jury rooms (2). 

Sheriff's office... 

Witnesses* waiting room. 

Detention rooms with private toilet 

County olerk*(i office.. 

County clerk’s private office. 

Treasurer*s office. 

Treasurer’s private office. 

Vaults for eaeh... 

Surveyor's office... 

Health department. 

Aseeseor’s offiee. 


30 X 60 
14 X 20 
14 X 20 
14 X 20 
14 X 20 
14 X 20 
14 X 20 
10 X 14 
14 X 20 
12 X 14 
14 X 20 
12 X 14 
6 X 14 to 20 
14 X20 
14 X 20 
14 X20 


I* Town town hall contains a large assembly room with a moderator's plat- 

form an4 dosl^ A i^paoe for town clerk and other officials is railed off adjacent. The 
mmaSi^er of tho hall is inovided with seats for the voters at the rate of 8 sq. ft. per person^ 
A visiimn' galifficy is desirable* At Bourne, Maas,, the offices are in the front part, and tiie hall 
attitolWir. Ilieoi&mslioidd beof gcM>d^ with counters for the public. At NorthampUm 
tl^ lUS ip iii ISbe second story^ the town bmiiieis bein$ conducted on the ground 0oor. 

























730 


HANDBOOK OF BUILDING CONSTRUCTION 


[Soc* 4~0 


In some eiamploa detention rooms are provided in the buildins for persons accused of laisdeineanors. Such 
rooms should comply with the restrictions described under lockups. Most state laws forbid detention rooms in 
basements. 

6. City Halls or Municipal Buildings.—^The city hail is a development to meet the needs of 
the ordinary city government. The meeting room of the common council will require 50 sq. ft. 
per member. Anterooms and committee rooms are required, and offices for certain officials. 
The mayor's suite will comprise a waiting or reception room, general office, 16 X 24 ft., a private 





Fio, 1 —Plan of second floor of Municipal Building, Plainfield, N. J. 


office, and toilet. The other officials requiring one or more offices will be the city clerk, tax 
assessor, street commissioner, department of health, department of charities, department of 
building, city treasurer, city surveyor or engineer, and others. 


Ordinary room sises will be 

Council room. 

Committee rooms. 

Mayor’s general office. 

Mayor’s private office. 

City clerk’s office. 

Assessor’s office. 

Street commissioner’s office... 
Department of health 
Department of charities 
Inspector of buildings ^ . 

City treasurer 
City engineer 

Private offices generally. 


.26 X 40 

12 X 25 to 20 X 25 

.20 X 46 

.20 X 28 

.20 X 28 

.20 X 28 

.20 X 28 


Each 20 X 36 


12 X 14 


In the more recent development of large city halls, the two functions, legislative and 
administrative, are separated. A recent example is the City Hall at Los Angeles, Calif., where 
the groimd plan is quite large, containing those functions of city government which require 
immediate contact with the public. Above the fourth story the plan of the building is much 
reduced and carried up 5 more stories. The center portion of the building is extended into 13 
stories of office spaces above which is the pyramidal portion of the tower. This permits the 
precise classification of governmental service according to character and secures to each part of 
the building abundant light and air. 

7« Public Libraries.—The essential features of a library building are the reading room, 
book room) and delivery space. A typical arrangement has the delivery desk at the center of 
the public room, with the card catalog convenimitly placed, the children’s reading room at one 
side, adults’ at the other, ^d the book stacks at the rear. Open shelves are disposed along the 
wetb of the reading rooms for reference books. 

equipped with mstsl iHscH srif-coatsiiisd sad lettiag upua stesl bssmi. The Icmd 
IfMieke wHI nmount to 1601b. periq. ft. foreeehetery of thebookftsek. Thewiadowist the ^ad« 
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of the stacks light the intervals between them. Electric lights between each row are necessary. A book lift is 
provided in most libraries. Libraries are frequently provided with museum spaces and small lecture rooms equipped 
for stereopticon or moving picture talks. The working rooms comprise the librarian's officeSt unpacking and 
repairing rooms, cataloging room, manuscript rooms, rest rooms, and travellingdibrary receiving and shipping 
rooms. 

The construction of library stacks has become specialised to such an extent as to make it advisable to follow 
standard details. The open shelving in the reading rooms may be of wood construction to harmonise with the 
architectural treatment of the room. 

8. Fire Engine Houses.—The first story will contain the apparatus room for fire engines, 
hose carts, chemical extinguishers, and chief^s motors. Almost all apparatus is now motorized. 
The space per unit is: 


Each fire engine, chemical extingiusher. S X 24 ft. 

Each ladder truck.8 X 55 ft. 

Each chief’s automobile.8 X 20 ft. 

jSpaco about each unit is required. 

The apparatus room is undivided and is arranged to contain a definite number of units 
disposed in order, facing the exit doorways which must be of sufficient height for the passage 
of the largest truck. 

The office of the chief, 12 X 15 ft., will be on the first story. There should be a workroom 
20 X 25 ft. for minor repairs, and a recreation room of the same dimensions, and toilet. 

The second story will contain sleeping rooms 10 X 16 ft., a dormitory, bath room, toilet, 
and a reading room 20 X 24 ft. A tower for drying hose is provided or otherwise a drying rack 
in the basement. A single stairway is ample together with sliding poles for quick descent from 
the second story. 

9. Hotels and Clubhouses. 

9a. Hotels.—The lobby is approached by a principal entrance and ladies' 
entrance. This contains the office, elevators, cigar and news stand, telephone and telegraph 
office, and a small parlor for women. A private office for the manager is required. The other 
rooms are the dining room, caf4 or tea room, with areas computed at 20 sq. ft. per sitting, the 
bar and lounge, the service room, with elevator, check room for coats and bags, trunk room, and, 
at a convenient point, the barber shop and men's toilet. The street fronts may contain a 
drug store and furnishing store with entrances from the lobby. The dining room and caf6 will 
be preferably on the first floor, or higher up according to the limits of the property. It is 
economical, as regards operation, to have the kitchen on the dining room level. The plan and 
equipment of the hotel kitchen and storage spaces is a highly specialized problem and should be 
studied in consultation with makers of kitchen equipment. Mechanical refrigeration is to be 
preferred. 

Mott hotels contain a ballroom of about the area of the dining room. The second floor will contain the princi 
pal parlor and retiring room for women, which may be in connection with the ballroom. There should be a small 
parlor and toilet for men in this case. The writing room may be on the first or second story. In the latter case 
a small writing room or alcove should be provided on the first floor adjacent to the lobby. Sample rooms for travel* 
ling salesmen should be 16 X 20 ft., well lighted. 

The upper stories will be occupied by the hotel rooms. These will vary from 11 X 14 ft. to 16 X 20 ft. with 
a number of suites having private parlors, 20 X 24 ft. in some hotels. Besides there will be a linen room, utility 
room and maids* closets on eacn floor. The typical hotel room is designed on one of two plans. The most desirable 
arrangement is to place the bath on the outside wall, between rooms, with doors entering each. The closets are 
placed next to the corridor. In the other plan the bath is placed at the ooiridor end of the room and the closet 
next the entrance. This affords no light to the bath rooms and makes good ventilation more difiUcult. The bath 
room is intended to be available to either room at will. The adjustment of the closets may permit two rooms to be 
thrown together. The corridors will be 8 ft. wide. A space adjacent to the elevators is provided for the floor 
custodian. Helps* quarters are ordinarily at the top of the building. Segregation is necessary in this case, with 
ample bath and toilet rooms for both cexes. 

96. Club Houass.—T he general requirements of a club house are similar to those 
of a small hotel. The i^iecial features will dep^ upon the eluents emphasised, such as 
athletics, golf, yachting. Dormitory rooms and suites are common to many clubs. The service 
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provisions, kitchen and helps* quarters, the dining room, grill room, private dining rooms, game 
and card rooms, need ample spaces per capita. Qo^ rooms and locker space for members 
should be convenient and of easy access. 

10. Colosseums—Convention Halls.—^The ordinary colosseum or contention hall will 
comprise an auditorium to contain a large number of seats. The rate of 7 to 8 sq. ft. per seat 
will be sufficient. The speaker’s platform should be rather high and of sufficient sise for seating 
perhaps 100 to 300 persons. The floor is usually flat, so that the building may be used for 
exhibitions and other activities, but may be designed with a moderate slope toward the platform. 
In other cases the building is provided with banked seats, a portion of which is constructed so 
that sections may be revolved toward the front, and the capacity of the hall reduced as desired. 
Galleries will be required where the general public must be admitted to certain parts of the 
hall, while delegates occupy the main floor space. The exits and toilets, provisions for safety, 
etc., will be controlled by city ordinances or state building codes. Judicious distribution of 
these utilities is necessary to avoid congestion. Ample committee rooms and administration 
offices must be provided, together with storage space for chairs not in use. The heating and 
lighting should be ample, but not excessive. Ventilation by gravity is sufficient. 

11. Railway Stations.—^The typical railway station, aside from large terminal stations, 
comprises a ticket office with a bay window overlooking the trackage, waiting rooms at either 
side for men and women, giving a space of 25 sq. ft. per person in the ordinary case; adjacent 
to these a baggage room and toilets for both sexes. 

A restaurant or lunch counter is provided, convenient to the train platform or to the waiting rooms. The 
height warehouse and office may be connected to the passenger station by a covered way. The information 
bureau and news stand is frequently combined in small stations. The stations are usually one story high except 
where, in the central portion, offices ior the train master are placed overhead. 

12. Universities. 

12a. Ground Required.—The area necessary for a great university cannot be 
determined on the sole basis of utility. Other elements enter into consideration, such as the 
probable number and character of activities, the space required for an adequate and dignified 
approach, the necessity for light and air, and the desirability of a picturesque arrangement. 
Tlie possible increase in attendance and the number of courses to be offered in the near future 
affect the problem. It is advisable to secure as much land as possible at once and to see that 
no insurmountable obstacles will prevent enlargement. Advantage should be taken of a water 
front of a picturesque view and opportunity for water sports. Level ground for athletic fields, 
together with a rise of ground for the location of buildings, are among the elements of importance 
In selecting a site. 

126. Prelisninaiy Design.—A preliminary design should be secured where a 
new university is contemplated or where considerable enlargements to an existing institution 
are at aU probable. Such a plan will prevent unfortunate errors in the location of buildings, 
drives, walks, etc. It may not be necessary or desirable to fix absolutely the use of eachibuilding 
in a general design. Certain areas should be designated for the several colleges, within which a 
certain freedom of choice may be left to the future designer. The relation of the several colleges 
to each other should be car^ully studied to secure convenience and efficiency. 

12c. Buildings.—Modem universities comprise educational sections or colleges 
as follows: Letters and Science, Law, Medicine, Engineering, Art and Architecture, Agriculture, 
Military Science and Training, and University Extension. Besides these, other departments 
are as follows: Student Help and Recreation, Sports and Athletics, and Administrarion. 

12d. College of Letters and Science.—For buildings in the colleges tiie following 
xoom sises may be taken as an average: 

Qass rooms, 16 sq. ft. per student, at 30 per room. 

Lecture rooms, 10 sq. ft. per student, at 100 per room. 

Leet^ hidli, S sq. ft. per studimt, at 600 per room. 

ehd^M have 160 sq. It. per tnah^f Departmental Ifbmrics shotgd bate about lO^OOD 
receiting de«& for’the att^dant. 
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Laboratories for physics, chemistry, biology, etc., will be somewhat similar as regards reqmremects for space. 
Laboratory rooms will average 60 sq. ft. per student. Small laboratories for advanced work are aeoessory* The 
sise 14 X 24 ft. may be taken as a unit. Lecture rooms and lecture halls require ample room for preparations, 
instruments and material. The windows must be quite large, 1 sq. ft. to 5 of the floor space, ananged for darkening 
by shades or panels operated by hydraulic or electno motors. More than one exit from a large lecture room is 
required, and where possible, one should lead directly out of the building. 

For chemistry the principal requirement is for chemical desks with acid proof tops with gas and water supply 
and waste, sinks at the ends and cupboards underneath: beside these, reagent shelves, fuming cabinets and balance 
rooms. A chemical store room and dispensary is necessary. 

For physics laboratories absence of vibration is imperative. Concrete construction is advantageous. Physics 
desks are arranged along the walls under the windows and are equipped with electric outlets, gas and compressed air. 
Concrete piers are required, and special cabinets for apparatus. A mechanician’s shop is necessary with metal 
working machinery for the most part. Itooms for special apparatus are required for both chemistry and physios. 
Where photography is made part of the course in chemistry or physics, special equipment is necessary. There will 
be laboratories for the study of electricity, lignt, heat, sound, wireless telegraphy, liquid air, and gas. 

Biology requires microscope tables wider at one end and set at right angles to the windows which should be 
large, without cross bars of any sort. Chemical desks are needed; also ovens, fuming cabinets, refrigeration rooms, 
dark rooms, rooms for constant temperatures, green houses and glass covered laboratory rooms and animal houses 
partly under glass. Ponds open to the air are required and aquaria of various sorts; also a photographic room for 
recording results. An exhibit museum should bo prominently located. A space on the first sto«'y, ];nreferably a 
large entrance foyer, is ideal. The herbarium for botanical collections and the working museum of shells, skins, 
skeletons, and insects in the division of zoology, collections of alcoholics and specimens preserved in other liquids will 
require considerable space. 

12e. College of Law.—The requirements of this college are lecture and class 
rooms, reading rooms, and the law library. A good number of offices are needed. The class 
rooms require more space, about 20 sq. ft. per student. Such class rooms are furnished to 
advantage with narrow desks to accommodate the text books which are large. In some cases 
two men are seated at one desk. Law students are older than students in the university courses 
and require larger furniture. 

The law library should have a regular book stack for special texts and a large reading room with open shelves 
for standard works. The room should be very well lighted, ventilated and furnished with indirect lamps for 
evening work. 

One or more lecture rooms of about 300 seats are required, according to the schedule of lectures. 

12/. College of Medicine.—The theory of medicine includes anatomy, physi¬ 
ology and pharmacology. The laboratories will require tables or desks furnished with gas, 
compressed air, electric current. Microscope tables are extended under the windows which 
should have as few cross bars as possible. Special fuming cabinets strongly ventilated are 
necessary. 

A gas crematory furnace is needed in the anatomical laboratory and vent flue to the roof. 
A refrigerated vault for subjects is required together with storage rooms for specimens in alcohol. 

For all these laboratories, there should be animal rooms. Open air nms for the dogs should 
be on the roof surrounded by brick walls not less than 8 ft. high. The drainage froni these runs 
and all animal quarters should be well cared for, and provision made for hosing out at frequent 
intervals. Animals need out-of-door air and may be provided with winter and summer quar¬ 
ters. A small private lift from the laboratory floors to the roof is extended to the ground level. 
Cages for dogs have wire fronts and 30 sq. ft. area for each animal. 

Clfn^*-*-Thu diiiii) bmlding thould comprise offices for the head physician, a general waiting room, registration 
rooms and record rooms, 14 ft. square. The general waiting room to contain 50 persons at once will require 15 aq. 
ft, per person. A separate women's waiting room is desirable; also dressing and examination rooms, about 8 X 12 
ft, suffirient for 20 % of the capacity of the waiting room at one time. The temperature of the examinsr 

tion rooms sdU be kept to at least 74 deg. and the rooms must be light and well ventilated. Sound proof partitions 
between nnits riionld be provided. 

fhs Jko0pM or t'sAmarp should have an adequate equipment, such as an elevator adjacent to the ambolanee 
entrance, ol suffielent sise to receive a hospital cot. The corridor should be not less than 9 ft. wide and the room 
doom 4 to4)Hf ft* wide so that a cot may |hmm them. The stairs, separated from the corridor by glass doore, shoukjt 
be ft, wide to per^t a stretcher to be taken down. The nurses' stations on each floor will be jMsrhsps 14 X 20 
ft. with the oati desk end signal serviee and the desks for each nurse keeping records. The hospital will be divided 

by Indoor,. EMbiudtwOlMquiTd* fatly wataMitt 
iMM'taoMaiid jMgiHMM, uMutt room. Ua«i dowt, and ioolnr loom for ttnet dotiea. The room, BuytMlOr 
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singlo patientu, or for two in a room, with wards of not over four beds as a maximum. Diet kitchens for each floor 
are required. The etherising and operating room should be near the elevator. The kitchen and store rooms in the 
basement will be suflioient with dumb waiters to the severid stories, preferably to the diet kitcnensdirect. Theother 
basement rooms will be A’~ray room, baking room and one or two pbotograptiic rooms. 

The research hospital will contain a number of laboratories. The division into isolated units will be more 
frequent than in the general hospital and more single rooms will be used. 

12^, College of Engineering.—The class room building will be similar to the 
building for letters and science. The same areas per student will be required. Spaces in the 
basement may be used for instrument rooms^ mechanicians shop and general utility rooms. 
Drafting rooms should be provided with indirect electric lighting for evening work. Labora¬ 
tories should be quite separated from the academic building, and for that reason a limited provi¬ 
sion for class rooms should be made in some of the laboratories. 


Steam and Oas Engine Laboratory. —Preferably a long building about 40 ft. wide with spaces for engines on both 
sides of a central aisle. The engine foundations should be formed to permit ready installation and removal of 
engines of various types. There should be a basement underneath, for supply and exhaust piping, with ample head 
room under the piping; also an overhead electric crane for moving large units. Good ventilation, and overnend 
lighting by saw tooth roofs or otherwise, as well as efficient electric lighting are required. The building should 
be simple, like the machine room of a factory. 

Engineering Shops. —Similar to the engine laboratory, but without a basement. Electric conduits arc needed 
for individual drives of machines; also rooms for wood and metal working, forging, pattern making, casting and 
finishing. 

Eleeiric Engineering Laberaiory. —Similar to the engine laboratory, without a basement, but with a central 
conduit for electric current main wires. Dark rooms for certain lines of a study are needed; also laboratories for 
testing wires, conduits, lamps, etc., transmission of current and electric transmission of sound in telephones, tele¬ 
graph, and the electric furnace. 

Mining Engineering and Metallurgy. model ore dressing equipment and stamp mill require a height of 
approximately 25 ft. The furnaces are of masonry and quite heavy. Chemical laboratories in connection will take 
fiO sq. ft. per student. 

Chemical Engineering is allied to the operative side of mining and metallurgy. The furnace work produces 
great volumes of acid gas. For the three branches above noted, it may be necessary to provide a masonry ctiiinuey 
for gas removal. 

Materials Testing Laboratorxes for wood, metal, cement, stone, etc., will occupy as much space as the engine 
laboratories. The building should not be over two stories high and of heavy construction. 

Testing Laboratories for pumps, fans, mills, and automatic machines will require as much space as the materials 
testing laboratory. 

Hydraulic Engineering. —^Laboratories should be provided with tanks of considerable sise, arranged for the 
study of water power under constant or variable head. A lecture room with a demonstration table is needed. 

Marine Engineering and Naval Architeeture.^A special branch of steam and electric engineering. Separate 
laboratories for advanced work required, similar to other engineering laboratories. Naval architecture or ship 
design will require class and lecture rooms, drafting rooms and model laboratories similar to other engineering 
laboratories and a model testing pool of large sise. 

Aviation Engineering. —The class and lecture rooms will be similar to those for marine engineering. The 
laboratory work must be supplemented by field work involving a considerable area of ground and large shelter sheds 
for the machines. 


12^. College of Architecture, Art, Music, end Drama — Studios for Architecture .— 
For the study of architecture, class room provisions are required like those in lettexs and science 
—seminary and reading rooms for sections of the departmental library of books, photographs 
and plates, and rooms for models and casts and an exhibit room. The studio rooms, large and 
small, require correct lighting. These provisions may be taken as standard for all studios in 
the college as regards the academic or lecture side of the various branches of art. Special 
conditions as to ceiling height, north lighting, and work rooms in connection with studios will 
vary according to the special branch. In connectioii with studios, dressing rooms with looker 
spaces are imperative from the nature of the work, 

Fietwre Studios^ —^Studios art for drawing and painting, inoluding oil and water color wco'k, charoonl draw* 
Inge* etc. Liiffituig ebotild ueuflUy be obtained by the uaa of high oeilinge and north illumination. Separate rooms 
for ^m^tary and ndvanoed wdrk, life olaeeee, etc., ebould be included. In largo rooms diviaion into alooves ie 
desirable. 

jFoiniimi Sgene Fainting^ Eregeo Sradfee.*<^1rheee should be broad and hlidi to afford sufficient distitneir 

cor ssceri^i^ f 
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Slittdios f(nr Sculpture*—^K oouib are needed for clay modeling, marble cutting by hand and power, gelatine 
molding, plaeter casting, reducing and enlarging, bronse casting and finishing. Sculptures at large sise require 
outside spaces for experimental mounting. 

Studioe for Houee Decoration. —These require spaces for experimentation at full siie. For this purpose rooms 
which may bo divided into alcoves 10 ft. square are desirable. Tne surfaces of the alcoves should be fitted to receive 
color decoration, wall papers, tapestries, etc., which may be removed at will. This branch of decorative art includes 
also furniture, hangings and floor coverings. 

Decorative Art for Buildings. —This includes wood carving, mosaic work, scaggliolas, graffito, marble, metal 
and glass work. 

Arts and Crafts. —These comprise the ceramic arts, designing and decoration of objects in clay, china and glass, 
small metal work, jewel grinding, cutting and mounting, and small wood carving. Power equipment is neces< 
sary for the last two arts. 

Illustrative and Illuminating Arts. —Book illustration and illumination, the design and preparation of plates, 
printing blocks, engravings, half tones, photogravures and lithographs, plain and colored, leather tooling, book 
binding, gilding, etc., are included in this branch. 

Posters and Advertisements. —Studios for this branch require good space and high ceilings. 

Portrait Photographic Studios.—A general studio is needed with ample height and space with complete control 
of light, accessory electric lighting and flash light equipment; also dark rooms for developing, day light and 
electric printing space, filing space, fireproof, for materials and prints, storage rooms for scenic accessories. A 
portion of the space is arranged with seats for lecture purposes, arranged to secure absolute dark for certain work. 

Music and Drama. —Studios would be small and num<vou8, 7 X 10 ft. area, suited for the study of music and 
oratory. Dramatic art, aesthetic dancing, moving picture photography require good space. For this part of a 
building a system of heating by warm air would obviate the transmission of sound through the piping incidental to 
steam heating apparatus. The floors, walls, ceilings of practice rooms should be insulated by sound deadening 
material. Care should be taken to preserve a certain resonance in the individual rooms. For solo, orchestra and 
dramatic practice, rooms of medium size, 20 X 28 ft., are required. Moving picture studies require sufficient 
length for proper focusing, ample room for the movement of actors. The photographic work in connection will 
require dark rooms 6 X 10 ft. and printing rooms for films, etc., and fireproof storage space. 

12 1 . College of general course in agriculture will require 

laboratories for advanced work in various applied sciences. This college has connection with 
farmers, stock raisers, dairymen, and will hold institutes during the year in the main building. 
This building will contain the offices of the dean of agriculture and committee rooms for various 
purposes. The requirements for lighting and spaces will be similar to the academic buildings 
for letters and science. In all other buildings dressing and locker rooms are required, computed 
as in the case of gymnasiums. 

Laboratories in the Agricultural College .—Roil study, mainly chemical in character but requiring large store 
rooms. About 25 sq. ft. per student. 

Farm Engineering, for Demonstration and Study ef Machines and Implements.—Floor areas large, for heavy 
loads. A freight elevator required. 

Agronomy .—The study of seeds, grains, etc. Storage space in small bins, and laboratory rooms for s^udy of 
seeds are needed. A space of 20 sq. ft. per student in laboratories is required. 

Dairying .—Butter and cheese making. The work is partly applied chemistry. A machine laboratory is 
needed for demonstration of methods and processes. In connection a fully equipped dairy and cheese factory on a 
small scale with ample refrigeration and storage spaces should be included. The product is usually sold at retail 
so that a selling department is required. The computation of sises will require study of the equipment intended 
to be installed. , 

Horticulture. —There should be ample storage spaces specially ventilated and darkened for fruits, vegetables, 
etc. The principal work will be on planting, grafting, budding and trimming of trees, vines and shrubs. There 
should also be a small laboratory for preparation of sprays, etc., about 20 sq. ft. per student. 

Applied Entomology. —For the study of insects, noxious and beneficial to farms and orchards, cattle, eto., and 
in connection, the art of bee keeping, with outside space for apiaries. 

Animal Husbandry.—Th,o work in this course is conducted largely in the barns and fields. Dressing rooms, 
showers and lookers are necessary, with a number of reading or study rooms and a department library. Eeoewds, 
registers, pedigrees of animals, should be given fireproof space. 

Stock Parificn.*—The minimum sise of the elliptioal arena for a stock paviUion is 178 ft. long by* 67 ft. wide. 
Within U&is area horses of the various types can be exhibited. Biding, hurdling, etc., oan be done. The entrance 
should be wide enough for wagons. About this srena a concrete amphitheatre of ten rows will seat 2500 people. 

The other buildhige In this department will be for horses, eattle, sheep and swine. The herds will not be large, 
but the buildings should follow the best praetioe ss to oonstruotion and operation. 

lillitafy Sdience and Tindiiliif.—The buildings for military sotonoe and 
trhhiing may be comjbined where convenient. The drill hall should have an area of about 
40,000 sq. ft., as pearly square as convenient. The dimensions of various drill rooms Are as 

ll»v 
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follows: 196 X 200 ft., 165 X 280 ft., 175 X 308 ft., 200 X 300 ft. Smaller armories have 
halls: 90 X 190 ft., 60 X 90 ft., 75 X 105 ft. 

At the front or aide or under the drill room should be showersi toilets^ bowls. One or more rifle ranges are 
needed; also leot\u*e irooms for instruction of officers and special corps, office rooms for the commandant and staff, 
and an armourer^s work room 

The difficulty of maintaining a floor of largp sise will be minimised by having no basement under the drill 
room, and constructing a pavement of earth or asphaltura directly on the ground. The other portion of the build¬ 
ing may be two or tnree stones in height The great span over the drill room leads to excessive height, but the 
construction should be kept as low as practicable. Excessive sky lighting is not desirable. A ratio of 1 ft* of 
skylight to 8 or 10 ft of floor space is sufficient 

Parade grounds should be as large ns practicable up to 20 acres in extent. 

12A;. University Extension.—This department will offer courses to persons at a 
distance. The requirements comprise a number of working offices each about 14 X 20 ft., with 
filing spaces for documents and theses, library, and a book-room space, and an assembly room 
of 200 sittings. The department sends out package libraries, lantern slides, moving picture 
films, and other educational matter requiring storage space. The post office accommodation 
will occupy considerable room and mail chutes will be necessary from the upper stories of the 
building. 

12f. Student Help and Recreation.—The buildings under this head are the 
dormitories, union, and commons. 

The dormitory consists of a central portion containing the general parlor and visiting 
rooms, a post office room. The proctor or matron has a suite in the central portion. The 
remainder of the building contains the dormitory rooms 10 X 14 ft. for single, 12 X 14 ft. for 
double rooms. For one person in two rooms the bedroom is 7 or 8 X 14 ft. and the study 
10 X 14 ft. For two persons in three rooms, another bedroom is added. Each bedroom 
contains a closet. Toilet and shower rooms are located on each fioor. For women a certain 
number of bath tubs is added. The basement contains rooms for trunks and storage, dining and 
serving rooms and kitchen. 

Dormitory quadrangles at some universities enclose a court accessible only to students. Tbe dormitory units 
may be small, of about 24 rooms in three stones, or larger containing 50 rooms per story. The larger umts are less 
expensive to build, but the smaller ones offer opportunity for individual donation of reasonable amount. 

The commons, where meals are served, may take any convenient form. At the Harvard Memorial the dining 
room is quite large. In other cases the space is divided into several dimng rooms. Cafetenas may be installed at 
several points, all served from a central kitchen. For dining spaces 15 ft. per person is ample. Serving rooms espe- 
dally for cafeterias should be long and narrow, open on the front as in public cafetenas. Some room is gained by the 
use of balconies for dining space. The central kitchen will require space similar to what is common in hotels. 

The union or clubhouse contains parlors, social rooms, smoking rooms, game rooms, billiard tables, bowling 
alleys, committee and society rooms and headquarters, it may have an assembly hall with or without a theater 
stage. It may contain a trophy room for prises taken in athletic contests. 

12m. Sports and Athletics.—^University athletics come under several heads. 
Indoor g 3 rmna 8 ium class work, Individual work, Correctiye work, Games, and Running. 

The indoor work is done in the gymnasium and game rooms. Athletic education and 
development is constantly changing, but the regular equipments and spaces are still maintained 
in good measure. The minimum fioor area for a standard gymnasium is determined by the 
standard dimensions of a basketball field. These are 90 ft. long between goals by 55 ft. wide. 
The i^aee on the aide lines should be at least 8 ft. and at ends 6 ft. Outside of this area spaces 
for bleachers are needed. The space per sitting on a bleacher is 20 X 27 in. A gymnasiliin 
toom Aould be computed on the basis of 50 sq. ft. per person. 

The nutniiic trtek riMwfldgive head room ondemeath. The track ie 6 It. wide» oiroiilar at the tudf aad 
ebottld be of each leagth, meamred on the Une of travel, that a certain number of lape will wWK a mUa. The Ibor 
Is banked eharply around the ends, diminishing ss the curve meete the side rune. The uenal bankiniis IHH, atthe 

Idi^lioint. Around tim edge of the ronidng track U a raffing, Urn spacee between iketainedirithsnuiothni^ 

asStibi. Care la taken to have no proieetiiis knobe, or points about railing. %n some gym^a, a alnile to# ol 

senmissiasisdim the tunning twiek balmmy inside the circle of the trank^ cvttAiftidnf 

teMgdiim X S0lt.fcMras]aAtl V. M.C. A.todd X 90 ft. ae a stamlaid and 71 X 120 ft. 

Thriitoryli^ghtiffromlSt 0 22 ft. IV entrancH^s and stiaiu may be et one or 

'***' t 



Sec. 4-12m] 


GENERAL DESIGNING DATA 


737 


both end». Adjacent to theee are the direetor'e ofBoe, apparatus store rooms» looker and idiower rooms for 
visiting teams and students, and toilets for both sexes. Where the gymnasium is used for women as well as men, 
looker and shower rooms must be duplicated. Toilets should be at the rate of one to twenty students, based on the 
number in any class. 

The swimming pool may be used in turn by both sexes. The approaches should be well separated to avoid 
confusion. Between the dressing rooms and the pool, the shower rooms will intervene. Men's shower rooms are 
quite open, the shower heads being along the sides of the room. Women’s showers must be provided with individual 
stalls with dressing stalls 4 X 4 ft. in sise. Lookers should not be placed in these stalls but in a s€g»arate room. 
Where the number of students is quite large a system of wire baskets 12 in. wide, 12 in. high and 16 in. deep to 
contain gymnasium suits is economical. In this case lockers for the number of students in the classes at any hour 
will be sufficient, or at most double the number so as to permit one class to dress while another is on the floor. The 
locker wire baskets are stored in racks in a basket room with an attendant. The rack system will accommodate 
three times as many students as the individual looker system. 


Shower stalls should be enclosed in 



Ftaa- 2 and 8.—Suggestion for large college or university gymnasium. Pio. 4.—Theoretical angles for a running 

radius of 25 feet. 


Corrective gymnastics require moderate sised rooms similar to game rooms. 

Siadia and BasdnuU Bt«achet$,-^The standard dimensions of a football field are 300 ft. long between goals and 
160 ft. wide. The running track is outside of this area. The length is 1320 ft. around the track for a quarter 
ndle track measured at one foot from the inside. The width of the track is 20 ft. The straight away leads off from 
one i^de. The front rail ol the stadium is about 66 ft. from the outside of the running track. In front of the rail 
is the band platform 64 X 20 ft. and a row of players’ seats* The stadium is constructed of wood, steel or concrete, 
usually in tlie lom of a horse shoe or open ellipse, to allow sun and wind to enter. The dimenaiona of the seats, 
etc., are deeeribed under grandstands in State Fair Parks, p. 740. At the top of the stadium a space lor the 
reportem^ atgiid is dg rirab l e . The entranees and exits of the stadium will be idaoed as most convenient must 
be adequate for large gatheringi. 

TIm battlisll grandstand is shaped along two sides ol a right angle parallel to the ball field and about 60 ft. 

it. It Mjr be tWd storias high. The front is screened with wire netting to prevent aeddent firom stray 
hsrebelli. They are eonstHieted of st«il« lor large stands, and have the usual dimensions per sitting. Chairs are 
employed todeoteaseilieeletaliosi of thestand wUeh is formed with banks to afford a perfect view of the ddd tr<m 
tkillMiiitS^ ne beeetvidl diamond is 00 X (Kilt, and the idayitm 

ffreMs«i.^W|iere the gmndstahd dost not give for dressing rooins, etc., a field house is nseesaary for 

M teamsM A loot baS elevett or a basa^lt sins may include an equal number of substitutes so that space for 
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18 to 22 nice on eMh toam (hould be provided. Dreeeiiu roonm, a ehower for each four r^. two doa^ nrioalt 
and bowie for each team are adequate. The firturee ehould be atraneed to d^a out in ^ter. A eeperato 
heaUme apparatus is neosssary, wuere steam cannot be brought from a neighboring plant. An emergency room 
is required. A women's field house requires individual dressing stalls, shower stalls, etc. ... 

The usual water sports at a university are swimming, canoe paddling, shell racing, skating, ice hookey. For 
these, a shore bath house and a boat house are necessary. 

The bathhouse will cover a good number of dressing stalls 4 ft. wide by 6 ft. long as a maximum, furnished with 
locked doors opening upon an aisle 6 to 6 ft. wide, A water tap and foot tub in each stall is desirable, and a number 
of hooks for clothes and towels. Life lines and safe limit marks are necessary to this sport. The boat hot^, for 
rowboats and canoes will be arranged in units about 17 ft. wide, with canoe racks 3 ft. 6 in. wide by 2 ft. high on 
each side of a center aisle 8 ft. wide. Each unit should have a doorway on the center aisle leading to the platform, 
10 ft. wide, and an apron extending to the water and furnished with rollers. Between each apron a landing pier 
3 ft. wide extends perhaps 60 ft. into the water. A boat keeper's room with a pay counter is required. In some 
places a sleeping room is necessary. In connection with the boat house a life saving power patrol boat is necessary 
It is an error to locate passenger boat landings in close proximity to a boat house or bath house. The congestion 
due to discharge of passengers and the danger of running down small boats or swimmers is a serious objection to the 
plan. 

Winter sports, such as skating, skate-sailing, ice boating, and games on the ice may be accommodated by the 
bathhouse building, especially if it can be warmed. For evening skating, electric light poles at reasonable intervals 
axe necessary. The skating areas should be marked with flags or other signs to prevent accidents. 

12n. Administration.—The president’s suite comprises a general office perhaps 
16 X 24 ft., a private office and stenographer’s room. The registrar requires a considerable 
office, 16 X 40 ft., with a counter for ordinary business; a private office for consultation, private 
stenographer’s room, general stenographer’s room for about six persons, a record and filing room 
10 X 24 ft. or larger, for student records, bulletins, catalogues, etc. 

The offices of the deans are usually located in the main building of their college, and consist of a general office 
perhaps 20 X 24 ft., a private office 14 X 20 ft. and a stenographer's room. 

The offices of the business manager and staff will comprise a general office 16 X 24 ft., private office 12 X 16 ft, 
and stenographer's room 12 X 16 ft., and the regents' or trustees’ meeting room 20 X 32 ft, and ante-rooms 14 X 
20 ft. 

The bursar wrill require a business office 16 X 40 ft. with counter and private office, accountants' business 
office of about the same sise, with paymaster’s counter. The purchasing agent will need about the same space. 

Service BuUding ,—The maintenance and repair of buildings and grounds requires a building of about 25,000 
sq. ft. of floor space. The building should have a fireight elevator. 

Central Heating Station .—The central heating station, of four or five thousand horse power capacity, will 
require about 15,000 sq. ft. of area for boilers, engines, dynamos, etc. A plant of these dimensions must bo designed 
by a heating engineer. 

13. Normal Schools. —The typical normal school comprises courses in general education 
and pedagogy. In connection with this there is required a training school. Certain schools 
specialize on particular branches of education. 

There will be required buildings for 

(a) General education and pedagogy, including library and assembly hall. 

(b) Training or practice school including kindergarten. 

(e) Gymnasiam with pool. 

(d) Central beating station. 

(«) Dormitories. 

(/) Buildings for special branches, such as (1) agriculture, (2) manual training and (3) music and art. 

The main building will be somewhat similar to a modem high school building of the first class. The training 
school will be similar to a grade school, with some high school rooms. Beside these there will be a series of rooms 
to be used as observation rooms by students in pedagogy. These open into class rooms. The gymnasium and 
heating station, dormitories and other buildings noted will be similar to the same tirpe of buddings at universities, 
but adapted in capacity to the attendance usual at normal schools. 

14, Pnblie Schools.’—Publio schools In America may be classed as rural schools, grade 
schools aud high schools. 

ISurol Scheelt.'^Tbe one-teacher rural school budding contains a single class room of standard dimensions 
23 X 32 ft. with cteslc rooms adjacent. Stieh a budding will accommodate 40 pupils. The window lighting is on 
one side of the room only. Heating is done by a Jacketted stove, connected to a duet which admits fresh warmed 
air to the btdl^ng. A vsnt duct adjacent to the smoke fine carries sway the foul air. Provide separate <doak 
rooms Icr hm end khle, a fnel riocet and book dcset. !n the best bolldingi of this class the basement is eimaveted 
for a fh^nace* and Ixieide toilets are provided for both sexes. The remeinder of the basement space may be used m a 
plai^roipi in etilre weather. 

^ gee |feb«i<6ipter on 'School Planning.** 
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Tiio tuvo-teachor room represents the usual limit of the rural school house development. This contains two 
class rooms and, in the best examples, a library, lunch room, toilets for both sexes, domestic science and manual 
training rooms. In some examples the two class rooms may be thrown together for special occasions, by means of 
multiple doors or sliding wood curtains. One and two>teacher school buildings sometimes serve the community 
for social purposes. Where the school is isolated, so that to go from a boarding place to the school house in winter 
would be a hardship, two-teacher schools are arranged with an upper story divided into a small apartment to be 
occupied by the teachers. In other examples a cottage is built near the school house. 

These buildings are of frame construction or of brick, hollow tile, or stone masonry according to conditions. 
The requirements for ventilation, 1200 to 1800 cu. ft. per person per hour measured at the vent duct, and of window 
lighting (1 ft. of glass to 5 or 6 sq. ft. or floor area), and of exits, and the separation of sexes apply to these buildings. 
In the case of state aid schools these requirements are imperative. 

Orade Schotjli and IIigh Schools .—standard primary and grade school building is from two to three stories 
high and contains six to nine class rooms on each floor for buildings in cities. A gymnasium and assembly hall are 
usual accessories. Domestic science and manual training rooms are commonly provided, as well as play rooms. 
Toilets are located in tne basement or ground floor. The buildings are frequently symmetrical about an axis, 
with the gymnasium and assembly hall in the rear court. The class rooms are of the standard dimensions, 23 X 32 
ft or affording 1« to 18-ft. area for each person, with a ceiling height of 12 ft. Main corridors are from 10 to 14 ft. 
wide. Glass areas equal to one-fifth to one-sixth of floor areas are rcKiuired. Stairways and exits at or near to 
each end and central stairways in addition arc usually provided. The buildings are heated by steam and provided 
witn inechani<*al ventilation affording from 1200 to 1800 ou. ft. per person per hour. Later buildings of this type 
arc fireproof. Fireproof corridors at least are required in two story buildings in most states. In others the first 
floor must be fireproof. The roofs are usually of timber construction. Kisers in stairs may vary from 6 in. high 
by 11 in. in grade schools to 7 in. high by 11 in. wide in high schools. Stairs and corridor floors are frequently 
finished in terrasso. The same style of floor finish is employed in toilet rooms. 

Class rooms commonly have a wood floor finish, maple being preferred, laid upon the concrete floor, and fast¬ 
ened to nailing strips spaced about 16 in. on centers. Such floors may be given a durable finish by a flowing coat 
of linseed oil with a small amount of turpentine, applied to the wood while at a boiling heat, and the surplus 
removed after 12 hr. Basement floors are left to show a finish surface of concrete. 

The toilet provisions for schools comprise individual closets, one for 15 to 20 female and one for 20 male scholars, 
with one urinal for 20 males, wash basins, one for 30 scholars, and bubble fountains, two on each floor, with one 
additional for each 100 scholars. Schools having a gymnasium provide separate toilets and shower bath stalls 
computed on the number in gymnasium classes. 

Ventilation of school buildings may be done by gravity, with window inlets for fresh air; by blast, with fresh air 
warmed by steam; by recirculation and air wasoing. The first is the least expensive and, where practicable, fairly 
satisfactory The second is the most common in large buildings. The third is the most costly for installation, 
but most eponomioal of coal and most healthful and agreeable. 

The most recent development is the one story school building about a court. Portions of these schools are two 
stones in height. The different units are connected by covered walkways or enclosed corridors. The plan necessi¬ 
tates considerable areas of ground, but not greatly in excess of the ordinary arrangement. 

15. Fair Park Buildings and Grounds.—^The design of a fair grounds concerns the manage¬ 
ment of large gatherings of people and their direction and transportation in considerable masses. 
The exhibition period is short so that the values must be obtained quickly. Everything that 
will simplify and facilitate the conduct of the enterprise is important. Among the things to 
avoid are congestion, discomfort, useless effort on the part of visitors, and needless expense to 
the exhibitors. Classification of kindred exhibits is desirable and the location of the most 
popular in a suitable place. A general design should cover all matters of transportation 
entrance, exit, circulation within the enclosure by walks and drives, architectural treatment, 
landscape work, exhibit fields, amusement spaces, buildings for administration, exhibits, cater¬ 
ing, amusements, public comfort and service. It should be supplemented by an engineering 
dkign covering all underground work, surface drainage, lighting, power, fire protection, water 
supply and waste and sanitation. 

TrantpoHoHon and jBfnfrance,—The eutranoe abould be at the point most easily reached by transporUtion 
faeiUties, street oars, automobiles and the like. There should be a large unloading inpaoe capable of holding a 
number of street care at once, planned to unload and take on passengers without obliging them to cross tracks hit to 
stand in streets open to traffic. Automobile stands should be separated from street oar stations. This class of 
transportation may properly approach the grounds at a subordinate entrance or at some point as near to the main 
entrance as oonvenient. Considerable space should be afforded for diseharging passengers. A separate area fur 
parking cars should be provided so that the space about the entrance wiil not become congested. The entrance 
for freight trucks and railway cars should be at another point on the grounds. The main entrance should be 
marked hy a structure of more or lese epectaeular appearance, sufficient to indicate the place of entry *and to carry 
decoratipfis of daga, Ughta and placards. The aetu^ gateways may extend considerably beyond the space covered 
by such a atructure* ^ 
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Z>rMe> ond haa been the poUoy to limit the use at automobiles within, the fair eoclosuras. Drives, 

bridcee and gateways must be designed, howerer. with reference to supporting the wrigbt of ears and aflording 
adequate room for turning and passing. Wberevtf passible, steps and sharp inclines in walks must be avoided 
where large orowda are oustomaty. 

The enoloeure of the fair grounda should be made sufficiently difficult to prevent climbing. 

Building Design .—As a general rule of plannings one story buildings should be considered. A few structures 
of good height should be included for spectacular effect, but the upper portions have but little value for exhibits. 

Publie Comfort SUd%one.'-—A.t various points on the grounds public comfort stations should be installed. The 
first umts should be designed so that considerable additions may be madct perhaps to three or four times their 
original sise. Stations intended for both sexes should be given particular attention as to approach. It is hardly 
practicable to provide the number of units customary in permanent buildings^ but at least one toilet to 250 persons 
should be installed in the locations most commonly congested. This would give service to one person in twenty per 
hour. 

Band Stonds.—-The ordinary band stand should be about 200 sq. ft. in area for a band of twenty pieces and 
should be elevated sufficiently above the ground. 

AdministroHon Building .—The business of carrying on the fair should be located near to the entrance. The 
building should be of permanent character and should have fireproof record rooms for documents. Beside a 
general business office, there should be a committee room of good sise, and offices for each department of the oxhibi* 
tion. The building will be used considerably during the year and should be heated, lighted and provided with the 
regular equipments of an office building. 

Service Buildings. The care of the grounds during the exhibition period and at other times requires a building 
for the superintendent and his corps of men. It is generally necessary for the superintendent to live on the grounds 
at least during the summer and in some cases the entire year. The building should provide quarters for a family 
and a number of dormitories for workmen. The barns should be ample and capable of future expansion. Sheds 
for mowers, rollers, concrete mixers and garden implements should be conveniently near. A service yard, paved 
with concrete or macadamised, is desirable. 

Oreenkousea. A fully appointed fair grounds would include a series of propagating pits for starting ann uals 
and for protecting ornamental plants in a severe climate. 

Crating Yard .—An enclosure for storing crates will save considerable expense to exhibitors and will keep 
the grounds in good order during the exhibit period. A portion of it at least should be roofed over. 

Power Station. Where electric current for light and power is accessible, as from the power linos of the deotrio 
railway, it is usually preferable to buy the current. The fau* period is of such short duration that the investment 
and maintenanoe of a power station is unwarranted where reasonable rates of purchase can be had. The oomputa** 
tion of current required would determine the capacity of a power station in other cases. The building would 
need to be of permanent materials designed with special reference to keeping the e<iuipment in good condition 
during the idle period, as well as to providing a reasonable working space during operation. 

Race Tracks and Grand Stands .—The vogue of horse racing is not what it has been in the past, the interest in 
machine racing having taken its place to some extent. In any event a grand stand of large dimensions is usually 
necessary to fair groimds. 

The concrete grand stand, or one constructed of steel, is the only safe structure for the purpose. Temporary 
grand stands can be maintained for about eight years if constantly inspected and thoroughly repaired. The 
danger of fire and collapse are always present with a wooden structure, and only the moat rigid inspection, renewal 
and policing will make one measurably safe. 

A grand stand of reinforced concrete or of structural steel and concrete involves a large expenditure, but in 
some cases the ground space underneath can be utilised for exhibits. Upper spaces have no value of this kind. A 
concrete grand stand costs from $9.50 to $15.00 per seat, in the ordinary case, where the seats are left uncovered. 
The seats are arranged in steps about 17 in. in height, where the step forma the seat, or from 8 to 14 in. whm*e plank 
seats are provided, supported on brackets. The lat^ plan is superior as requiring dess total height and biUn g 
easier of access. The usual width of the steps is 23 to 25 in. In any ease a plank seat about 11 in. wide necessary 
for comfort. Chair bodies are preferable to planks. 

Entranoe to the grand stand may be made at several pednts. A broad walkway is required between the grand 
stand and the tr^k, from which steps lead to the rows of boxes. Where entrance to the stand is frdm the front, no 
other provision is required. Entrance from the back may be made by walkways under the stand extending to 
the front on the ground level, or by in<dines leading to the high^ levels and entering the stand through archways. 

Beidaurant Buildings ,—The lunch counter is the normal fair grounds restaurant, compiured with which alj other 
types are at a disadvantage. Waiter service is in oonsiderable use, however. The buildings are usually of frame 
ewtruction and one story in height. The area, outside of the kitchen, will not exceed 15 sq. ft. per person. The 
kitehen is mueb reduced in area over the usual restaurant kitchen and inll contain the range, vegetable cooker, 
SOUP kettles, work table, steam table, refrigerator and stmre pantry. 

OanesBsummres Butldingt.--These are structures for the sale of smaU objects. They are generally ^len on 
the sides and front, with wooden shutters for doting nt night. 

Mtthibit Buifaltngs.—The principal exhibits at a etatc fa^ arc! fma machinery, other machinety, proociscs, 
automobilesi trucks, tractors, vehicles, fruits, vegetaldce, grains, dairy products and Oafferiea and 

sceond stories are worOileta for eridhit spaces. The erdiaary visitor wiE not go up to a seeond stmy at a|L and 
sddom to a gallery. The doors of ihe buildings are marked ott into convenient units CaS|«d boothe With airim be- 

Aewettbusittmaoiheeis 

lNwvi«|»d akri^ poiai. Eky lidbting is neosMii^ k tim tbe iM d Ihns einlaee In them 
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•hould t>e not le*i th«i 1 ft. to 8 ft. of floor tm*. Buildinca for the exhibit of enimele differ from otiiere in tb«t 
(toot sttentioB muet bo paid to lenitetioa, aad there miut be proviaion for feeding, watering and protecting the 
animtli from injury lutd disease. 

16. Expositions. The designing of world^s expositions is affected by the same problems 
as with state fairSy but on a greatly magnified scale. There is opportunity for architectural 
effect not possible with the smaller enterprise. Otherwise no essential difference obtains. 
The same elements go to make up the ultimate result. There is the spectacular field, the 
exhibit field and the field of amusement. Accessory to these are the fields of states and foreign 
countries. The same problems of administration, transportation, circulation, public ‘comfort, 
sustenance, safety and police protection obtain. 

17. Park Buildings.—Parks are of two types. The grand park will contain plant houses 
of large size for palms and other exotics. Beside this there will be the animal, bird and reptile 
houses, aquarium buildings and outside spaces in connection, completing the zoological garden, 
a refectory of considerable size, public comfort buildings, boat houses and landings and waiting 
rooms at transportation terminals. The service buildings will be the central heating station, the 
administration building, gardeners' cottages, bams, sheds and greenhouses. 

The small park will contain buildings for amusements such as a gymnasium with dressing rooms for men and 
women, dancing rooms, game rooms, a simple theater stage, lecture and reading rooms. Adjacent to it or in con* 
nection will be the bath building with showers, indoor swimming pool, open air swimming and wading pools. Play* 
ittg fields will be provided, baseball and children's playgrounds fitted with swings and other amusement apparatus. 
Picnic grounds provided with concrete camp fire places are common in the best parks. 

18. Theaters and Music Halls.—The theater for the drama and opera consists of an audi¬ 
torium having a pitched or slanted floor, usually one or more galleries, and a series of private 
boxes at each side of the proscenium arch. The orchestra pit in front of the stage is depressed 
sufficiently to avoid blocking the view. The entrance or foyer contains the box office and cloak 
and toilet rooms for both sexes. The seating capacity varies from 800 in small theaters to 2000 
in those of average size and 3300 for large theaters. 

The Stage. —The proscenium opening should be of auch width as to leave at each side a space on the stage 
about one-third as wide as the proscenium. The height of the stage to the gridiron should be at least 2 ft. more than 
twice the height of the proscenium opening. The gridiron or rigging loft consists of a series of beams spaced closely 
together by which the pieces of scenery may be supported It snould have a walkway and service stair on each 
aide of the stage. The head room above the gridiron should be 7 ft. Under the stage a working space is required 
not less than 8 ft. high. The floor of the stage is constructed of members parallel to the proscenium so constructed 
as to permit easy removal or change of parts. In this a regular number of traps are framed out and covered. The 
trap mechanism resembles a short elevator, counterbalanced and formed with a platform to permit raising or 
lowering at will. At the back or one side a large doorway is needed to receive scenery and properties. A series of 
dressing rooms of small sise and two large dressing rooms are necessary. The electric switch cabinent is placed at 
one side of the stage to control the stage and auditorium lights. A large ventilator to carry off smoke and gases in 
case of fire is now required on all stages. 

The Auditorium ,—^The building codes usually require 36 in. of opening in exits per hundred seats. The exits 
are required to be distributed at fairly even distances about the auditonum and to be marked by signs, lights, eto. 
The height of the ground floor above the public streets adjacent is usually not over 3 ft. 

Theater seats are regularly Ifi, 20, 21 and 22 in. wide. Minimum spacing 2H ft, back to back, and average 2^ 
H, Seating space in theaters is computed at 6 to 8 sq. ft. per person including aisles, with 7 sq. ft. on curves. The 
ideal width of theaters is about 75 ft., the hdght 55 to 60 ft. above the stage or 3H ft. more above the floor level, 
proscenium width, not over 40 ft., and stage depth not over 60 ft. Tne pitch of the main floor and balconies Is 
graduated to secure a uniform view of the stage from all points. 

Theaier Seeasry.'—A minimum complement of scenes for a very small theater would be, one exterior, one in¬ 
terior, one street scene and one *'cut wood scene,** all with proper wings and sky borders, one set of ** tormenters** 
or frciito* one drop curtain. These are attached by derating strips oounterbalanoed to the gridiron, and operated 
by toprn^ In low stages the scenes must be roUed up from the bottom, which is undesirable. Besides these, other 
fom» eaBdd fiats are used. In these the scenery is attached to lunged flames. 

Moving JPitdure X'hsedsrs.—This type of building differs from the ordinary theater mainly as regards the stage, 
wMch knay be broudbt to a minimum praetioable depth of perhaps 10 It. Brovidon for safety agauiet fire Is necee^ 
hhrf on admmit of ihe inllainiQable nature of the ffims in use. The shape of the building is controlled prima^ 

rily % tim d|kitanee neeeewiT for the best optied effects. The pieture boodi should be of fireproof materials aad 
sheuU^lms^aiMMM ventOatioii. The exits, seating and other aocessorles will be the same ee for regular theaters. 

ffiSCdmiridsgikusuiaiyeUdOBedwIth wocdiN^ Tim organ may be arranged in parte 

et sMeh side of tin proscenium sdth the movaMe console on the stage. The dtsifs for lAngm are disgKMied ru 
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oenehes rifting consecutively toward the back, sometimes in the arcs of circles. The benches should be about 3 ft. 
wide to serve for orchestra purposes as well. An orchestra of 60 pieces will require 800 sq. ft. Small orchestras 
somewhat more per man. A great organ will require from 450 to 900 sq. ft. of area and a height of 36 to 40 ft. 

Ttnnpurary StaoM. —The best form of movable stage Is one composed of stout tables firmly bolted to each other. 
The table tops should be made without overhang and the frames bored for thumb screws with large grips. The 
units may be 3 X 6 ft. in sise for easy handling. The unite for the flat portions will have legs of uniform height. 
The rear sections will be taller to form the stepped areas. A stage of this kind may be made up of different sises at 
will. Along the front and about the sides iron stanchions and rails may be clamped for safety and good appearance. 
The steps should be self-contained, clamped to the stage, and have stout hand rails. 

Open Air Theaters .—The Greek theater has been the model in most cases. The theater at Berkeley, California, 
is typical. In this the seating is of concrete, partly seated with chairs. The capacity will depend partly on the 
character of the ground, a sloping hill side giving the greatest convenience. The stage and proscenium may be 
architectural. Other scenery is not commonly used. A simple theater may be designed by accommodating the 
slope to the line of vision, elevating the seats continuously to give a good view of the stage. The seats may be 
secured to timbers anchored to the ground. The stage should be of timber work with a wood floor, covered if de¬ 
sired with canvas. The background may be of canvas supported on frames, or of trees and shrubs set thickly to¬ 
gether A railing at the back and sides is necessary for safety. The stage area should be about the same as for a 
small theater and the proscenium opening will be formed by a frame at each side covered with canvas. This affords 
support for the stage lighting which will be suspended on wire cables. Simple dressing rooms arc required, with 
canvas divisions. The auditorium will be enclosed with a canvas screen supported on posts. 

19. Dance Halls and Academies.—The usual form of dance halls is that of the lecture 
hall, rather longer than wide. In addition to the dancing floor, retiring rooms, cloak rooms and 
toilets for both sexes are required and a good sized foyer or gathering room. Over these rooms 
the visitors' gallery is placed, and in some halls narrow refreshment galleries extend along the 
sides of the room. The dancing room should be high studded and well ventilated. The 
musicians' gallery may be at the front, but not too high above the floor. In dancing cafes the 
refreshment tables are on the dancing level. A dancing academy will require a suite of business 
offices and special rooms for individual instruction. 

20. Military Buildings.—The description of drill halls in Art. 12;, will be sufficient for 
similar buildings in this section. Beside these are the riding school buildings, rather similar 
in the main, but requiring a dirt or bark floor for horses. In connection there will be the stables 
for which see Animal Husbandry," under Art. 12t. Other buildings will be the barracks, 
officers’ quarters, toilet buildings, ammunition buildings, quartermasters’ buildings and the 
post exchange. 

The barracks at the cantonments in the United States during 1916-18 were of frame construction, two stories 
high, resting on a foundation of concrete poets. The space between posts was closed in to the ground with board¬ 
ing. The typical barracks plan comprised a central hallway with stair, and dormitories at each side, computed on 
the basis of 85 sq. ft. per man. A sergeants* room for each dormitory room was placed near the entrance. The 
buildings were heated with jacketted stoves, and lighted by electricity. Some of the barracks at Camp Grant, 
Illinois, were heated by steam, the mains being earned overhead from a central heating station. 

The toilet buildings were located adjacent to the barracks, one for each building, and contained the shower 
rooms with heaters, closets, urinals and washing troughs. The heating and lighting apparatus was similar to the 
barracks equipment. The floor was of concrete, carried up two to three feet on the side walls. Barracks and toilets 
were boarded on the outside, lined with building paper and ceiled inside with boarding three feet high and with 
*‘compo** board or heavy pasteboard above. The construction was extremely light. Roof ventilators were 
provided on the buildings. Windows and doors were of stock form. 

Buildings for naval reserve cantonments were similar, but arranged in groups in some instances. These 
balrraciks were disposed about a square. One unit of nine buildings was adjacent to a double mess hall. The 
buildings contained 112 men each; the mess haUs 500 men each. Two toilet and shower buildings served the group. 
Separate units were provided for probationers. There were ten officers’ barracks with separate toilet and shower 
buildings. The barracks were 161 ft. long by 25 ft. wide. The hospital group contained four wards with four 
toilet buildinga, a hospital corps dormitoryt officers’ quarters, nurses’ quarters. The other buildings were the 
administration building, army library, eamp theater for 2700 men, the commissary, Y. M. 0. A. and K. O. near 
the entrance of the grounds. 

21« FtibUe Canloft Statioiuu^—^The publio comfort station for both sexes requires segrega¬ 
tion. A common waitiiig room would be feasible under the best eiroumstanees, otherwise not. 
The station wOI be composed of an ante-room, sometimes with two types of aooommodatioiit 
comipou apd $rst classt There would no d^erence in the fixtures. Gompartments should 
acti^ chapter on ‘’Public Comfort S^timii.’’ 
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be lined with marble or other enduring material. In the women's side a table for dressing 
children is needed. The building may preferably be above ground, but in cities basements 
or other underground spaces are most available. The computation of fixtures required will 
depend upon custom. A reasonable computation may be based on the number of persons one 
fixture will serve. Taking min. as the average time of occupancy for fixtures of all sorts, 
one fixture will serve 13H persons per hour. An equipment of four closets for women, two 
closets and two urinals for men would serve 107 persons per hour. The addition of two urinals 
would given an increased capacity of 40 persons per hour. 

22. Tombs, Memorials, and Halls of Fame.—Memorials are of two principal types. The 
first is purely sculptural or mortuary. The mortuary cr 5 q)ts will be similar to those of public 
mausoleum. The second intended primarily as a memorial, partakes of secondary character¬ 
istics such as a museum, art gallery or chapel. All such buildings should have some feature to 
indicate the idea of a memorial. A bronze tablet may hardly meet the requirement. In some 
examples the foyer or some central room is made to giye expression to the memorial idea. In 
this a statue or portrait may be placed. The design and detail of the memorial portion should 
be carried out in materials of permanent character and excellent appearance, and to a consider¬ 
able extent constitute a chief attraction of the building. The remaining portions should bo 
well done and of enduring materials, rather than to be so large as to necessitate cheap expedients. 
The hall of fame has a certain resemblance to a museum of sculpture. The central portion is 
designed partly for architectural effect. It will contain statues of celebrated men to whom 
particular honor is intended. The subordinate parts of the building will give space for portrait 
)>usts of men of various degrees of distinction. The Pan American Building at Washington 
partakes to some extent of the nature of a hall of fame. 

23. Civic Centers.—The community building is an important element of a small town or 
of a neighborhood in a city. It partakes of the character of a club house, but the uses are 
somewhat different. No living quarters are required except for the caretakers. Rather large 
banquets and other social functions will be served but the kitchen provision may be simple if 
sufficiently spacious. Game rooms and especially bowling alleys are desirable. The principal 
room, frequently on the second story, will be used for lectures, dances, mass meetings and on 
occasion for religious services. There should be toilet and retiring rooms for both sexes. The 
first story will contain the offices and social rooms, billiard room, magazine room, etc. In 
smaller examples the street front is occupied by small stores for cigars, soda and mineral waters, 
or a women's exchange. The advantage of this arrangement is that the burden of carrying on 
the building is lessened and convenience is served at the same time. The entire first story 
should not be so occupied, but only a small area on each side of the front entrance. 

24. Buildings for Sepulchres.—The public mausoleum in which compartments are sold, 
consists of a central mass of reinforced concrete, formed into cells or crypts 2J^ x 2}4 x 7ft. with 
walls about 4 in. thick, arranged in 4 or 5 tiers. The smaller buildings of about 60 crypt.s 
comprise a central hall of good height, in which burial services may be held, with crypts in wings 
at each side, arranged along a corridor 8 to 10 ft. wide. Special crypts or rooms containing 
crypts are placed in the main portion. The crypts are closed upon occupation, with a 3 in. slab 
of concrete grouted into place. The crypt is provided with a lead drainage tube and ventilat¬ 
ing tube leading to a central receptacle containing a powerful disinfectant. From there the venti¬ 
lating pipe extends to the outside. The building is composed of masonry faced usually with cut 
stone. The interior is lined with marble on walls and floors. The ceilings are of plaster or 
other decorative material. Doors and window sash are of bronze. The intention of these 
buildings is to conserve the remains placed in them for a long time. To do this, the building 
itself must be of enduring materials. Everything <d an ephemeral nature diould be avoided 
and precaution taken against the effects of time and the dements, especially rain and frost. 
The buildings are lighted by windows in the ends of the corridors. Roof lights or transoms 
in the roof are sources of water leaks. The buildings are warmed by hot air furnaces if at ail. 
A reedving vault with metal supports for caskets may be connected to these buildings, in a com¬ 
partment with a separate mitranoe. A crematory with furnaces of special des^ is provided 
in aome eases, 
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Similar provuiona a* to the oonetruetion of individual mauMdeuma are neoeaaaty wheUier the atrueture be 
aimple or rlaborate. The tendency to ooUeot moiature and to create water pocketa which oauae damage by freenag 
la the moat frequent aource of decay of theee buildinga 

25. Chtirclies.—Church buildings in America fall into classes, those for services which 
require an altar and a liturgy, and those that do not. In this respect the Homan, Greek, 
Lutheran and Episcopal church buildings are more or less similar. In the same way all other 
church buildings are somewhat alike, one to another. The service of the altar, the processionals 
and other functions hold the seating in straight lines and to a long and comparatively narrow 
building with a level floor. 



Fxo. 5.—Typical plan of Roman Catholic church. 


The Roman Catholic Church ,—Buildings of this type owe their form to the buildiags of the eaily Chilstihn 
Churehg which were based on the Bchol» or halls common in the cities of the Roman Empire. Theee were of 
rectangular form, narrower than long, with eemioiroular apse, or chancel, at the end opposite the entrance. In 
the Roman Church the altar stands free from the wall of the chancel affording a passage or ambulatory behind. 
The chancel is raised above the floor of the church and is considerably elaborated according to the sine and im« 
portance of the church. The main portion of the building is called the nave. The roof of this portion is supported 
on columns. The spaces between them and the side walls are called the aisles. The walls of the nave are higher 
than of the aisles, giving a clerestory, the windows of which light the central portion. At each side of the chanofd 
arch are the low altars. The end contaimng the chanod is known as the east end, without regard to^e actual 
points of the compass. The entrance, at the west end, admits to the vestibule, or narthea from which stairs lead to 
the gaUery overhead. This gallery eontains the organ and choir and, in some churches, a nun^her of sitUngs. 
The font is jilaoed either in the vestibule or the nave or in a baptistry on the north side. Along the sides of tim 
church at regular intervals are the stations of the cross, more or lees daborated, and near to the front the confess 
sionals. The ehaneel is provided with one or more sacristies, 8 X 10 ft. as a mininttun, usually two, beride a choir 
sacristy and other necessary rooms. The building may have traneepts or wings adjaesni to the chane^ wall. 
They are not so common in the Roman Church as in the English type. The besement may be used fog a parish 
room, Sunday school, and other^ictivitieB. In the usual ezamidcs the tower is eentrally located, over the efltranee, 
but explicate towers, after the cathedral arrangement are eommon. The arrangement of pulpit, lectern and other 
accessoiiee should be carefully studied to oonlorm to tibe usage of ^ ehuroh. Adjacent to the nave and estaiid- 
ing by the dumcel may be one or more ehapds. The chur^ building, parish house and rectory cbmplete the ehurrii 
plant to which may be added the parochial eehod. 

The LuUhtrm Church fdlows the tradition of the Eomaa as to the main plan ol tha hidldinf* The attar ia 
retained, but the arrangement of the chancel is somewhat modified. 

The JPrciumm$ ^piteopd Chmih fetlows the Eng^ inSHm and use. The nave, ahUes and vestibulae ere 
similar to the Eeman type, frimi^taam mofo eogmMmendlar^ Tha rimnarileast larltelmak^ tlmein^ 

rwiitiie it and the new. The jietsjiihii gmy be 4m*^*«**>*^. mi O****^ d imaia. aiditCinsidar 
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altar, Tha ebanoal rail aaparatea thia portion from the ehoir, which ia again railed off from the nave. The choir 
benahea faoa to the center line of the church leaving a broad apace in front of the altar. The choir is raised above 
the nave by one to six steps, as required. 

The organ is located on one or both 
sides of the choir with tne console 
facing the center. The lectern on the 
south and the pulpit on the north are 
placed at the railing of the choir. In 
aome examples the nave is separated by 
a rood screen at the choir front, or a 
ains^e rood beam indicates the separa¬ 
tion. The sacristy and other adjacent 
rooms are similar to the Homan type. 

The font is similarly placed. The 
morning chapel at one side contains a 
small altar and seats for forty or more 
people. The parish house, common to 
both Roman and Episcopal churches is 
used for the various guilds of the church, 
and contains an assembly room, kitchen, 
choir practice room, choir vestmg 6.—St. Mark's English Lutheran Church, Rozbury, Mass, 

rooms, etc. 

The ProteUant Churches not using a liturgy have adopted a different form of building in many examples. The 
nave, aisles and chancel are replaced by a broad auditorium, with or without a gallery, facing a raised platform with 

the pulpit and the seats for the clergy. 
Back of this is the organ and choir gallery 
oocupsnng the place of the chancel in the 
liturgical churches. The main floor is 
usually slanted toward the front. Imme¬ 
diately in front of the platform is the 
communion table. Perfect vision and 
hearing are required and, for this, all col¬ 
umns and other obstacles have been elimi¬ 
nated from the body of the church except 
for the gallery supports. This involves 
the use of wide spans of roof carried by a 
more or less complicated system of trusses. 
The other notable development of these 
churches is the Sunday School building at 
one side or the rear of the church. This 
is arranged to be opened into the church 
by sliding partitions on occasion. The 
Fxo. 7.—Protestant Episcopal Christ Church, New Haven, Conn. Sunday school room is planned on circular 

lines, with class room alcoves around. 




The basement is divided into parlors, kitchen and rooms for various activities. In the completed plant a parish 


house and rectory are included. 

The Baptist Church building is similar to the above 
except that a baptismal pool is required. This is of good 
sise, perhaps 100 sq. ft. in area, and of convenient depth. 
Proton for warming the water is necessary. The pool is 
closed off or covered over except as needed. 

The VnilaHain. Church plan is that of an auditorium 
with a platform in firont and a choir gallery at the back or 
on one side. Committee rooms and social rooms are 
requtred* 

The ChHeUan Seienee Ismids Is simflar in plan. The 
equipment of reading rooms, study rooms, etc., is larger 
than for other buildings of this dsss. 

The Bunagetfue plan Is that of a square covered by a 
flat dome. At the center of the east side Is the altar plat¬ 
form and la the orthodox synagogue the r e ces s for the ark 
of the eovenant. The mein entranoe and restibulss will 
be on the west. reader's desk Is on tiit mein floor, 
qnlte ad vaxicsd Ikom the altar At one side of the 



Is ptiyats room «f the rabtd, 14 X li ft. and a similar room for the reader on the other. A chapel 


H Id It. told X id ft. mey be looatsd at one side Of the flront. School roome 16 X 25 ft may be at obe side or 
in tl^ bssmaeat* Beddo tkme em the library^ 14 x Hd ft,^ assembly end parlor, 24 X 65 ft. In the oTthode* 


Y 
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Kyaagosue no organ « aeparate choir are employed. The arehiteetural deeign followe the Byeantine, affected by 
the Sameenio, and the decoration will employ Hebrew eymbole, tbe'eeven branched candleetiok and aU pointed star 
and tha geometrio designs growing out of It. 

Beside the orthodox, there are the conservative and the modern or reformed synagogues, in which the ancient 
practice and liturgy is somewhat modified. In these buildings the reader’s desk is placed on the altar platform. 
The pipe organ and choir are employed, in a gallery on the east side. The altar platform is considerably enlarged 
to admit of the more elaborate service. Some of the modern synagogues contain large upper galleries so that the 
total capacity may exceed the ordinary audience. In these buildings, very complete cloak rooms, etc., are intro¬ 
duced. The style of architecture is considerably modified, tending to the Classic, but the central dome is contained 
for practical and aesthetic reasons. 




Figs, 9 and 10.—Floor plans of The Temple (Synagogue), St. Paul, Minn. 


The Cathedral as related to the church is the official place of service of the Bishop. Of large sice and noble 
appearance, it has nothing of difference from other church buildings other than in sice. The basement or crypt may 
contain special chapels. There is sometimes a church school or college in connection, which will not differ greatly 
from other schools. Notable examples of cathedrals arc in New York, Baltimore and other large cities. 

Student Chapele in theological seminaries are sometimes seated in lines parallel to the main axis of the building. 
The building is in this case an enlarged choir with the chancel at the end. 

26. Detention Buildings. 

26a. The Lockup.—The lockup is intended for temporary detention of persons 
accused of minor offenses or crime. It is used also for shelter of vagrants and other peteons in 
severe weather. The laws of the different states vary in accordance with conditions, as whether 
there be a large colored population. In the usual case the building is required to contain two 
rooms so that the sexes may be segregated. Minimum dimensions are 22 X 40 X 10 ft. The 
women’s room is furnished with a cot; the man’s room with standard steel cells, 5 X 7 X 7 to 
8 ft. in dimensions, provided with a cot or plank bed. A typical plan with four cells is here 
shown. 


The building i» of maaoiiry or concrete, and is equipped with light, preferably deelrio, and with prison closets. 
A atove is used for heating. Detention rooms in a court house or other building may be constructed adjacent to a 
main exit, but not in a basement below ground. 

26&, police Statioiis*—The police station is a development to answer the require* 
ments of a town or city. The detention portion is enlarged to oontmn a number of cells and an 
office portion for police and other officials. In no oases should a police station be located in the 
baeemeilt of a |$uilding. The plan of a police station includes a cell twm fot men, one or more 

i i. ' 
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detention roonitj for women and for juvenile ofifenders, and a room for vagrants and persons 
seeking shelter in severe weather. All these rooms should be on the first floor and as near the 
street level as possible. Two or more stories of cells and all expedients involving the movement 
of persons up or down stairs are impracticable. 

CeU Room .—Cells must be 5 X 7 ft. sise, with prison closets, and may have washbowls with bubble fountains 
combined. 

Detention rooms for vntmen are similar <o cell rooms. Separate rooms of not less than 80 b<i. ft. area are desir¬ 
able, with prison closets, wash bowls and bubble fountains and cots. K&ch room should be ventilated by a separate 
duct 

Juvenile Rooms .—The detention of juveniles requires rooms like those for women. 

Tramp Rooms .—The room for vagrants and persons seeking shelter require a prison closet, wash bowl and bub¬ 
ble fountain. Sleeping platforms made of smooth wood resting on heavy cleats about 6 inches high should be 
provided. The room should be above ground, well ventilated, heated and lighted. Shower baths may be added. 

The office portion of the police station will contain the muster room, captain’s office, clerk's office, a fireproof 
vault for storage of records, a large sitting room. In the second story, offices for the sergeants, roundsmen and 
detectives and the section or dormitory rooms for policemen, with toilets and showers. 

At one side, on the ground level, will be the patrol barn with stalls for horses, harness rooms, grain and hay 
storage, or a garage equipment where motor vehicles are used. 



2flc. Jails.— This class of builclings contemplates the continued detention of th© 
inmates, and requires a complete equipment for cooking and serving meals. The cells must 
be arranged with bunks. Sick wards or hospital cells are necessary. .Opportunity for bathing 
should be provided, preferably by shower baths. The requirements for protection, security, 
«egw*gation, accessibility and sanitation as for police stations, are imperative. There shoulcJ 
bo ample sunlight in every part. 

Witness Rooms.^1% may be necessary to detain witnesses for a time, and the jail serves as the most convenient 
place. Special rooms for such detention, 8 X 10 ft. in sise with good windows, toilet and wash bowl, and vent dues 
are required. While these rooms need not be oells they should be secure. Meals will be served from the jail 
kitchen. 

Jailer^8 Residmee .—The jail plant includes a residence for the official in charge, separated from other portions 
by standard fire doors and standard fire walls. 

86d. Worldiottieft.—These institutions are intermediate between the jail and 
the penitentiary. The workhouse in a city location must resemble the jail in point of security 
against escape. The interior arrangement will be like that of an industrial school^ with work 
bufidiiigs located in an enclosed space protected by walls or fences as circumstmioes demand. 
S^»aration of sexes^ protection against fiire, proper sanitary equipment, heat, ventilation, etc., 
are imperative. For dormitories and sleeping rooms, the required areas per person are, for one 
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80 sq, ft., for two 120 sq. ft., for thi«e 160 eq. ft., and for four or more 46 sq. ft. for each pemon. 
For dmip g room 15 sq. ft. per person are reqiiired. Exercise rooms are required equal to the 
room in area. Assembly rooms should have 6 sq. ft. per person. School rooms for the 
primary education of illiterates are necessary; also private quarters for officials include dining 
rooms, reading rooms and dormitories. 

Where located in the country the description of industrial schools will apply in general for 
the workhouse. 

26e. Industrial Schools.—^Institutions of this class are most advantageously 
located away from cities where a considerable area of ground can be obtained. In this case the 
items of accessibility from town and provision for adequate water, sewer, light, heat and power 
must be kept in mind (see '^Institutions Isolated from Town and Cities,” Art. 29). The ten¬ 
dency is to divide the inmates into groups, housed in cottages, grouped around central buildings 
containing the dining room, kitchen, assembly hall, etc. In some of these institutions a walled 
enclosure is necessary. Open dormitories are suitable for younger Inmates. Quarters for 
attendants and hospital spaces are necessary. The directors of the institution and certain other 
officials should have separate cottages for residence. In so far as buildings of considerable size 
are built, they should be of fireproof materials with a minimum of woodwork. One-story 
cottages may be of less substantial character. 

26/. Industrial Homes for Women.—Detention institutions for this class of 
offenders resemble workhouses for men. They will require somewhat different buildings. 
There will be the administration building, reception building, maternity building and hospital, 
cottages, refectory and assembly hall, industrial buildings, superintendent’s residence, 
employees’ cottages and central heating plant. 


The administration building will contain oflBices for the superintendent, accountant, and other business em* 
ployees, parlors and visiting rooms, a committee or board meeting room, ante rooms to the same. 

Heeeiting Building ,—This building should contain, record rooms, 16 X 24 ft.; medical examination rooms, 
10 X 14 ft.; detention rooms for individuals, 10 X 14 ft.; bathing and toUet rooms; kitchen or serving room, 12 X 
18 ft.; and matron’s suite. The building will require barred windows and locked doors. 

The maiem^y budding though small will be like other maternity hospitals. 

The cottages should be not over two stories nigh, for groups of not more than 80 persons in single or double 
rooms. Provisions against escape are generally necessary on windows and doors. 

Industrial Building,---While a number of the inmates may be engaged in housework or the kitchen, a working 
building may be desirable in large institutions. The principal industries would be sewing, preserving, drying and 
other light work. 

The refectory and assembly haB will contain the kitchen and storage rooms, etc. Its rise will be controlled by 
the expected occupation on the basis of 20 ft. per person in the dining room. The kitchen and dining room should 
be wholly above ground. The assembly hall will require at least 8 sq. ft. per person. 

The Superintendent's Residence ,—The house should be isolated from the other bufldings and have its own 
enclosure so that the family will not be intruded upon by the inmates. It should have about eight rooms. 

The employees* cottages will be smaller, five or six rooms being sufficient, each with its own enclosure, or the 
buildings may be in a group enclosure outride the area accessible to inmates. 

Central Heating Plcmf.-^The necessities for the production of heat, light and power will determine tke rise and 
location of the plant. In severe climates the use of exhaust steam for beating has resulted in great econondsa. 
Ample coal storage space is imperative. The building should be capable of enlargement without difficulty both as 
to beating and power equipment. 

Minor Buddings. —Small dairy bams, sheds, silos, swine pens and poultry houses are needed in the ordinary 

case. 

BneUmetss .—Some institutions have no eneloring imam* While this may be practicable in certain locations* 
a low wall or a fence that cannot be sealed is preferable lor many reiMKms aside from prevention of escape. 

KefiMiiMtories aad PenitentUtiM.—No o—entid diffnenoe drtaliu m 
between these types of institutioiis. There will be sa admiiustratioa building, edl buddingi, 
^ning aad Idtdtea building, oentnl heating aad power statioii, schod, Tatfaras diope, stwe 
houses, bams, a hoqdtal and a wom«i’8 building. The buildinffi wiQ be nunmnded n waJI 

ixom 15 to 85 ft. hi^ having a main entrance with guMrdhouaea; gates for wug o na aad idlvir 

earn. M buihSagB will be firspnof. ForaaiastittttioadthiiiliMaidotofgiwmdlOrift. 
square will aulBoe, although la^anaa-gre not uattSttaL Apoftkoof thsgiauadisttaUillov 


ii. 
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fA* Midinfi will oontain the offioee of the werdeii, roceiiang and recording rooms and other 

husinese offioee* oommittee and boerd rooms* officers' dining rooms, living rooms for minor officials, barber shop and 
bath rooms, school rooms and an auditorium or assembly hall sufficient for the entire number of inmates at 8 sq. 
It. per inmate in large rooms. 

Cdt bloekt are oompoeed of individual ceUs of standard sise* 6 X 7 X 7 ft. high, arranged in three or four stories, 
constructed of reinforoed concrete or of brick with concrete floors. The block is double faced, with a utiUty corridor 
about 3H ft. wide between. About the odd block on both sides and ends there will be a corridor about 14 ft. wide 
A basement for pipes will extend over the whole area. The upper tiers of cells will be reached by iron stairs leading 
to balconies along the fronts. Stairs and balconies are of iron work or concrete, or may be paved with terrasso. 
The ceiling and roof over the building will be of concrete. The masonry walls, about 3 ft. thick, will contain largo 
windows extending from about 6 ft. above the floor to the top of the upper cell openings, or sufficiently to give ex¬ 
cellent light to all parts. The window sash are opened by multiple operators. The stedi cell fronts are held in 
place by bolts extending through to the utility corridor. The looking device is such that all cells in a tier may be 
looked by throwing a lever at the end of the block. At the same time any cell may be separately locked or un¬ 
locked. Each cell contains a prison water closet, combined wash bowl and bubble fountain, electric light and fold¬ 
ing iron cot with mattress. The lighting service will be switched so that the entire control, divided into several 
sections, for the cells, corridors, etc., will be on the mmn floor. The system of water supply and waste, ventilation 
and lighting will be exposed in the utility corridor. Blast and exhaust fans are required for ventilation. The beat¬ 
ing by fresh air is supplemented by direct radiation. Each cell has a separate vent. In some cell buildings the 
masonry is plastered; in others, faced with pressed brick. The exit from the cell room will be at the grill leading 
to the oorridor between cell buildings. An emergency door is placed on one side of the wing. 

Duciplinary Cdla. —Provision should be made for disciplinary confinement either in a small wing or separate 
building. The detail will be the same as in the regular cell house. 

Hoapital Celia. —The prison hospital differs from the ordinary only in the use of the "cell front" on the hoe« 
pital rooms. Examination rooms, a dispensary and dentists* office are required. There should be a number of 
cells for prisoners suspected of insanity. A sun porch for tubercular patients should be of iron and glass. The 
work must be equal to the regular cell in security. 

While the standard cell house is employed in most prisons, it is not universal. The oeUs of the prison at 
Quelph, Canada, are arranged along the outside walls with a central oorridor. At Joliet, Illinois, the cell 
house is circular with cells along the outside. A central watch tower enables a guard to look directly into each 
cell, which may be cloeed on the front by steel and glass to secure privacy to the prisoner from all persons but 
the guard. 

The Dining A large hall connected with the kitchen. The tables are arranged in rows, the prisoners 

facing forward. About 15 sq. ft. per man is allowed including aisles. In some institutions tables are set in the 
ordinary way with men all around, allowing 20 sq. ft. per man. The halls accommodate 800 to 1000 persons and 
are without posts. A music platform is a 
feature of some dining halls. 

Kitchen and pantry arrangements are 
si milar to what is usual in hotris. Storage 
spaces for meats, milk, etc., are provided 
with artificial refrigeration. 

The heating and power atoHon wUl be 
furnished with equipment adequate for 
spaces to be heated, and the lighting and 
power required for the institution. The 
heating will be done by exhaust steam in 
part. The power equipment will depend 
upon the sise of tbe shops and the de¬ 
mands for power to open and dose gates, 
move cars, etc., on the grounds. A chim¬ 
ney of a capacity considerably in excess of 
the boiler *power first installed diould be 
erected and the power house and coal storage arranged to permit future extensions without disturbance to pre¬ 
vious aqtdpment. 

The number of immigrants from other countries, as well as native illiteracy, makes a school necessary* especially 
in Tflormatoiiea for sroung men. The sohod wiU be for instruction in reading, writing, English language and 
aiithmetio. Standard dass rooms about 28 X 32 ft. with full lighting, ventilation and regular equipment are 
roqulro^ The fumltute should be adapted to the use of grown men. 

Bams* shops and stordiousss should be designed on modem lines. 

Ths priton or ward Is composed of separate rooms, about 8 X 10 ft. with doors of metal, barred on 

qppsr >ortioiii, md windoim in oatsido wills. The dumbing and ventilation will be similar to what is Installed 
in tlie ordinary ooB buUdiaiS. The rooms will be lumished with beds. A separate Idtehen* dining room and stor¬ 
age pantry with mfriiseation is nsosissry and hospital oeUs isolated and sound proof* a phyddan's office* a small 
dlspipiiiiKp* mM twm a,yliitor*s mospdon room and small visiting rooms. Also a suite for .th© matron an4 staff. 

IViian irfl<ls*--^Thoi«wlodndWiltoof apiisonittwof nmsonryoroon«r«te<hmml5to8^ The most 

easaoMMi Iksidkt Is Bff ^ Ifa watt wtB prsveat escape unless guarded, so that oxoessive height Is quite usoleis. A 
nmhkit'pi wsittholi^io sirt as loBowat 

Ilk 



Fio. 13.—Typical cell block. 
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Thomaston, Maine; Aloatrai, Calif. (U. S.). 16 ft, 

Elniira, N. Y.; Windsor, Vt.; Boise, Idaho; Ionia, Mioh.; MoAlester, Okla. 16 ft. 

San Quentin, Calif.; Rawlins, Wyo. 17 ft. 

Granite, Okla.; Sante Fe, N. M.; Weatherfield, Conn.; Salem, Oregon. 18 ft. 

Sioux Falls, S. D.; Deer Lodge, Mont.; Folsom, Calif.; Salt Lake City, Utah; Trenton, N. J. 20 ft. 

Ossining, N. Y. 21 ft. 

Concord, Mass.; Hutchinson, Kan.; Charleston, Mass.; Jackson, Mich.; St. Cloud, Minn.; 

Waupun, Green Bay, Wis. 22 ft. 

Philadelphia, Pa ; Jeffersonville, Ind. 35 ft. 


The desirable features of a first-rate wall are depth in the ground, not less than 6 ft , smoothness and the 
absence of projecting parts, or buttresses. Nothing should be attached to the walls, such as lighting fixtures, wires, 
etc., which would serve as holding places for a rope by which a prisoner might attempt escape. The top should 
be rounded. In some examples, the top is formed with a projecting roll on the inside. In the design of such 
walls, wind pressure must be taken into account. A wail 22 ft. high will need to be about 3 ft. thick at the bottom 
and It^ ft. thick at the top, in an exposed location, to resist overturning under the force of a heavy wind. The 
prison at Rahway, N. J., has a reinforced concrete wall, quite thin, with buttresses on the outside. 

Guardhouses .—These may be of steel and concrete, or of timber work and should be large enough to shelter 
the guard in severe weather. The windows should extend to the floor. From the guard house a walk, 2 ft. wide, tt> 
about 30 ft. in each direction is desirable. The walk may be on top the wall or along the outside, with a railing for 
safety. The guard house requires a stove or other heater and a toilet. The approach to the guardhouse should bo 
from the outside of the prison yard or by a steel door on the inside. From this a ladder or spiral stair leads to tho 
top. 

Wagon Gates .—The gates from the prison yard will be double. The first g.ite opens into a walled enclosure to 
contain a wagon and team and the second to the outside. They may be formed to swing, slide or lift. The gate 
should be the full height of the wall or the wall should be carried over, as high as at other points. The gates should 
be smooth, formed with solid surfaces without gratings or catch points for climbing upon, and strong enough to 
resist forcing. 

Railway enclosures will be of suflScient sise to contain three or four railway cars. The rules of the railway 
companies as to clearance will determine the width. The clear height of these gates does not usually conform to the 
26 or 28 ft. of head room demanded by the railway company, but so far as practicable should do so. The sise makes 
the gates difiRcult to operate by hand. A system of gears and cranks will diminish the diflioulty but power is desir¬ 
able. The custom of delivering cars only into the gate enclosure makes a yard engine or a cable hauling system 
necessary for moving cars to the heating plant, storehouse and shops. 

Yard Lighting .—The enclosing walls are usually illuminated at night. The best form of yard lighting is by 
flood lighting or by lamp posts set 10 to 12 ft. from the walls and furnished with reflectors to throw the light upon 
it. The wiring should be underground an<| the control switches located conveniently to the oflicial in charge of 
lighting. Other parts of the prison yards, all walks, drives, entrances, etc., may be lighted in the same way. In 
some places lights may be attached to buildings. The approaches and the front portions of the prison grounds 
should be lighted adequatdiy for good appearance. 

Water Supply and Sanitation .—This type of institution is usually located away from large towns and public 
systems of water supply and waste, electric current supply so that these utilities must be provided independently. 

Prison Camps .—It is the practice to send prisoners from penitentiaries to places within tho state to be em¬ 
ployed in grading, ditching and farming. The buildings required for this are: a headquarters building 20 X 24 ft. 
for the guards and superintendents, a bunk house with 86 sq. ft. per person, refectory and store house. The btuld- 
ings will be of frame, very rimple in construction. A camp on a prison farm would be more permanent and better 
constructed. Most of the work of construction would be done by the prisoners who may be quartered in tents for 
a time. 

iSh. Insane Asylums and Homes for Feeble-minded and Epileptics.—In the older institutions 
of the United States the various classes of patients are i^teoed in one large building. This is objeotloh'able from 
many standpoints. Separate cottages are superior to large buildings. Greater attention to fire prevention and 
provision against accident is necessary than with institutions sheltering persons of normal mentality. , No build¬ 
ings of inflammable nature should be occupied by insane persons even in smaU groups. Where both sexes are 
admitted, segregation must be carried to completion. Persons of defective mentality and all who are afilioted 
with insanity require hospital conditions in the buildings they occupy. The portions of these buildings devoted 
to vidlent wards require protection about windows and doors, stairways, etc. 

The list of principal buildings for industrial homes will apply to these institutions. The ordinary cottages, 
so oaEed, will be as follows; 

Class I: For persons slightly affected; for voluntary patients. 

Class 2; For severe eases; for cripples and bed-ridden. 

doss 1.—Fttmished with day rooms, for the entire group on each floor, dormitory rooms, single or multiple, 
finen and supifly tioaets, atteadanti^’ rooms, toflets and bath. Voluntary patients are housed separately from 
others. 

Ctoss 2.—-SimUar to Class 1, but having a dining room and kitchen, diet kitchen. Latrines are substituted for 
ordinary closets. CripifleS and bed-ridden patients are housed separately from severe eases. 

Farm Criba^.-‘--Oeirtain groups d fe^do^iiMed and apilepties are eapalfls of woriring and may be formed into 
farm odUbnies. The eolotiiea ahoald be dcMa to tla main inatliiitioii to that medioal tupervialoa is not lost si^it of 
by isal^n d illie Ineonvenieaoe to tiia attanding phyriciana. 
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Separate houees for the director and certain officials are necessary An insane asylum or feeble-minded home 
is an undesirable place to bring up a family of children. 

27. Charitable Purpose Buildings. 

27a. Homes for Dependent Children.—Inmates of this type will include infants, 
children and youths. The normal ehildren are quite commonly adopted into families, and 
defectives as they approach maturity are placed in institutions for epileptics, feeble-minded, 
tubercular or insane. The inmates arc formed into small groups according to their degree of 
mentality; segregation is necessary. Primary education is afforded for those able to learn. 
The work of the hospital is to secure nutrition and growth, and to cure such defects as club foot, 
spinal deformity, tuberculous joints and the like. Hospital conditions are necessary, and the 
same types of buildings, on a smaller scale, as for other custodial institutions. 

276. Poorhouses, Homes for the Aged and Infirm.—In the first of these institu¬ 
tions a certain number of inmates will be of defective mentality. For them a separate building 
should be provided where custodinl care may be maintained. The other buildings will be simi¬ 
lar to family hotels with single and double rooms, social and dining rooms, etc. An assembly 
room is provided for amusements and for religious services, where a separate chapel is not built. 
The cottage system is most advantageous for these institutions, with an administration building 
containing the offices and other public rooms, dining rooms, etc. The cottages may contain 
40 rooms as a maximum. Aged couples capable of maintaining good conditions may be assigned 
rooms together. Otherwise sex separation is practiced. 

27c. Veterans* Homes.—This type of institution follows the general scheme of 
homes for the aged and infirm. The desirable arrangement would comprise an administration 
building, central heating and power plant, large and small cottages. The small cottages will be 
occupied })y married couples and persons desiring to be independent. The larger will accom¬ 
modate such as require continuous care. 

27d. Schools for the Deaf and Blind.—This form of education requires intimate 
personal instruction and care. The institutions provide housing, hospital care and recreation 
facilities, as well as teaching, and are commonly under boards of control or charities. The 
buildings will be similar to those for able-bodied defectives except for special arrangements to 
meet the peculiar limitations of the pupils. For schools for the deaf it will be necessary to 
install sight signals and for the blind, those based on sound. Class rooms will be about half the 
standard size. Classes of mutes number from four to twelve. For the blind the classes are 
about the same for most work. The younger pupils will be provided with open dormitories. 
The older ones should have individual or double rooms. Segregation is, of course, necessary 
outside the class rooms and dining halls. Vocational instruction is usually given. Shop build¬ 
ings are necessary with manual training benches, etc. Among the persons attending these 
schools a certain percent will be of defective mentality, but as these are gradually removed to 
other institutions, no special provision is made for them. As in other institutions the system of 
small units about a main building is superior to large structures. In some examples the build¬ 
ings are formed into quadrangles enclosing recreation spaces. Blind schools offer instruction 
in music and will require organ space in the assembly hall. Special provision against accident 
is necessary, such as railings about points of danger. 

28« Hospital Purpooe Buildings. 

28a. General Hospitals. —^These are usually large buildings in which the separa¬ 
tion or isolation of parts is brought about by wings or closed bridges. Between different wings 
glased doors or fireproof doors are used for isolation. The usual divisions are: medical wards, 
surgical wards, obstetrical wards, children’s wards. 

The admmietredem portion will oontein the seneral offioe* weitine roome, examination rooma, phyaioiane* 
offioea, matron's suite, the general Idtohen and dining rooms for patients, oSIosks and help Ceee Art. 2^. The ward 
spaoee will be divided into single rooms, small and large wards. In each ward, a utensil room, linen room, looker 
room with individual lookers for each patient, diet kitohens, general and private toilete. A laundry for patients 
and a separate laundry for attendants. The minimum sini^e room should be 10 X 14 ft., douMe room 14 X 14 It. 
hud wards as aq. ft. ptr person induding sislss. Zightiiig, heating aud ventilation diould be** one foot df idass to 
six of ftoor spaoe; 70temperature^ hunddiaed if posdble; 1800 eu. ft. of tnmk air per person per hour. Hot 
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water lieat u deddedly preferable, on aoeoust of excellent eontrol. Loenl bumidifiere are oopablo of maintaining 
desired conditions. Special deotrio signal systems for nurses are provided* live steam at d(Hb. pressure is used 
for sterilisation and the kitchen requirements. For this service a small boiler is desirable. A large general steriliser 
in the basement is used for mattresses, clothes, etc., smaller ones in cash utensil room and a special steriliser for 
bandages and instruments in operating rooms. The corridors, utensil rooms, operating rooms and toilets should 
be capable of extreme sterilisation and cleaning. Patients' rooms, if brought to the same condition, are apt to be 
depressing. No materials should be employed, however, that would be damaged by ordinary cleaning. 

The elevators and the doors to them should be of a capacity to pass a full sise cot. Push button control is 
necessary where a regular elevator man is not employed. The elevator should be convenient to the ambulance 
entrance on the ground level. It should not be immediately adjacent to patients' rooms. 

Lohoratonee, Operating RoonUf Etc .—It is customary to provide one or more laboratory rooms, X^ray rooms, 
baking rooms and for other special service. These may be in the basement. The operating room should be not 
less than 300 ft. area, to contain the necessary fixtures and should be very well lighted, with top lighting subject to 
eontrol. The cetherising room may be adjacent or where most convenient. This will be somewhat less in area 
than the operating room. 

Soundproof Rooms .—The obstetric ward should be divided by soimdproof walls and partitions and should have 
soundproof doors. Othwwise the rooms and wards are not different from ordinary. 

Sunporches enclosed with glass for convalescents are desirable especially in severe climates. They should 
be provided with ample venting panels. 

Screens and Weaiherstrips .—All parts of hospitals and sanitariums of every sort should be screened on windows 
and doors. Metal weather strips are necessary to prevent drafts. 

Nurses* Dormitories .—Separate buildings for nurses and attendants are necessary in order to maintain effi¬ 
ciency, and prevent infection. One or more social rooms are necessary and single and double sleeping rooms with 
general toilets and baths. The room sises will be similar to those in wards. The basement spaoce should not bo 
used for sleeping rooms. 

286. Hospitals for the Treatment of Tuberculosis.—The same advice as to the 
location of other public institutions will apply to sanitarium for tuberculosis with the additional 
precaution that quiet and freedom from dust is necessary to successful treatment. 

Grounds .—Ample groimd should be provided, shielded from the north and west but open to the sunshine from 
other points of the compass. 



Tut. ti.-^Typiesl sanitarium. 


BuOdinge. —The plan arrangement in tuberculosis sanitariums will differ firom other hospitals in that eiqsosure 
to the outside air and sunriiine is essential to core. For this reason large window spaoes gad amide |N9r«iMg are re¬ 
quired. Rooms facing to the north or otherwise deprived of eunriune are not suited for the work. Sueh nmees 
should be assigned to comdors, toilet and bath rooma and other otilitise, 

Boom and Ifards.<—Patients^ rooms should be egpoeed to sunshine sad protected from thS north wind. A 
roemTft. wide by 13 It. long if a minimum. Ceiling brights above 10 It. ate not neeetssry, A French window ex¬ 
tending to the fioor, and not less than 4H ft. wide should be provided, eo that the oot may be moved out upon the 
poreh. Sudli wMoee can be made weather tight by the use of metsl strips. IDouhle rooms should be |0 X 13 It. 
and Idle adlseept poreh spsee should be 10 X 12 ft. in slss. 

i’siehet.—Ait porehis should be eovered and setesned and provided with shdlni eurtstns of oattuss to protsot 
against rain, large wards sbooM be dirided by sereens Into aleom wimrn ipao^o^ la the snm Jhe 
igiewssoBl^heiiaaybebrokenupsothattbsloiigiowotJaaiPitrilmdsu^notlmiririblato# ^ 

ueiasnsaiiouU be held up mom ihalioor about a foot and ealead to hit. la height, 
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Ae*i(ier»of« and Cat(acre«.—lustitutiona for tuberoular patients should provide bouses for the supcriatsndont 
and th« employees, and a separate building for nurses and attendants. 

CfmtalMceni CampE .—Tuberoular patients may be sent to a convalescent camp for 6nal treatment, bucb 
camps should be situated in places where food supply, fuel, sewage disposal and medical care can be readily obtained. 
Very simple cottages, a dining hall and work shop are required. The best location will be in the neighborhood of 
the regular sanitarium, where the same physicians can oversee the progress of the inmates. 

29. Institutioiis Isolated from Towns 
and Cities.—Public institutions are not 
always located where advantage can be 
taken of the protection and the conveniences 
of a city. In this case everything included 
under the head of public utilities must be 
provided by the institutions themselves. 

The fundamental necessities are transpor¬ 
tation, water, drainage, heat, Hght, en¬ 
closure, hre protection and police service. 

Besides these are such elements as soil qual¬ 
ities, climate, exposure, safety from the 
violence of nature. Subordinate provisions 
are for storage, refrigeration, industries and amusements. All such general provisions are 
accessory to the main object of the institution which may be disciplinary, military, social 
religious or political. 




-jrTUT TUI. 


•LECPIMO l»O«0H 


Fig 15 —Convaloeoent open cottage 



Transportation must be by railway, m the ordinary case. To attempt to maintain communication by wagon 
roads is expcniu ve and hasardous in a severe climate. Where possible to obtain it, a railway side track will save from 
$3000 to $10,000 per year for a large institution. 

Water supply for domestic use and for 6re protection is of first importance. This involves drilling a deep well, 
or maintaining a storage reservoir from unfailing springs or making use of some large body of water, known to be 
safe A knowledge of the geology and water supply of tne neighborhood is therefore imperative. 

Heat and The fint building for an isolated institution will be the heat and power station, one or more 

units of which should be ready for service upon completion of the first buildings. The heating and power station 
will make the system of water supply available and may be necessary for pumping the effiuent of the septic tanks. 

Drainage is second only to water supply. The clearing of the ground of surface water and the disposal of waste 
water by natural means is fundamental. Septic tanks for the treatment of sewage are necessary to avoid pollution 
of lakes and streams. The system of drains should be determined upon as soon as the general disposition of build¬ 
ings is made. 

Enclosure in an isolated location will vary from the farm fence to the masonry wall with or without guards 
as conditions require. 

Fire protection depends direeUy on the power plant and water supply for efficiency. The most effective fire 
protecting device is the sprinkler system which involves the construction of a tower and tank at least 25 ft. higher 
than the loftiest building. The tank may be of 50,000-gaUoii8 capacity supported by a steel frame or masonry 
tower. The water stored ijn the tank must be warmed by a special heater in winter Large water mains are 
extended to various points with fire hydrants at intervals. 

Police service, from the single watchman in the best locations to a considerable force, in exposed places, must 
be taken into account. Permanent police service will require guard houses, etc. 

Soil qualities are important to institutions contemplating self-support. Soil analysis should be obtained where 
possible. 

Climate and exposure will effect the design of grounds and buildings, eepeoiaUy where a period of years is 
expected to intervene before oomidetion. In this case the first buildings should be grouped in such a way as to be 
conve}deii.t in operation at ones, leaving future development to work into the scheme in an orderly manner. 

Storage depeiulbi upon eon^tions, but will concern first the coal supply which may be delivered during the 
sumiaer eeason md mm% be oonveniently placed. 

HalriiiMratiUin by ios or meehanicai means is impsrative and may be extensive. Ice storage may be employed 
in some oamie, Tli« anpply storage andi ies storage it sometimse combined. 

Indnatfies and amusements sre esssntial to many is<dated institutions. The character of the institutiofi wiH 
detsrihlaia ilkS types of buildiiiae to be erected for these purposes. 

any institution snlsrgsmsnt should bs antidpatsd. While a natural barrier <m ops 
or mam Mm mm ke mat adtimtaga, them dionld be always a praetieable outlet by which future growth may take 
ytbm pMaatt ifilaMOportiapale axpepse. This involvee a general study of the lands adjacent. 
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ACOUSTICS OF BUILDINGS 
By F. R. Watson 

Increased attention has been paid in late years to the acoustical disturbances in buildings 
with the desire on the part of architects and builders to avoid these defects as far as possible. 
This desire has led to scientific investigations of the subject that have solved some fundamental 
problems and given formulas and data for guidance. 

Acoustical disturbances are due first, to the sound generated within a room, which gives 
rise to echoes and reverberation; and second, to sounds outside that are transmitted into the 
room through walls, ventilating ducts, and other paths, and cause confusion. The sound in a 
room may be controlled by the proper design of the volume and shape of the room and by the 
use of a calculated amoimt of absorbing material, while the extraneous sounds may be minimized 
by properly constructed walls, doors, and windows. The problem may therefore be considered 
in a two-fold aspect: the acoustics of rooms and the insulation of rooms. 

80. Acoustics of Rooms. 

80a. Action of Sound in a Room.—When a sound is generated in a room it pro¬ 
ceeds outward from the source at the rapid rate of about 1200 ft. i)er sec. and, by successive 
reflections from the boundaries, very quickly fills a room of ordinary dimensions. Fig. 16 shows 




A 

1 



Fio. 16.—Pulse of sound in a room Ho of a second Fig. 17.—^The same pulse Ho of a second later, 

after leaving the source. showing reflections and interferences. 

the position of a pulse of sound in a room 60 X 40 ft., ^ter it started from the source. 

Fig. 17 gives the same pulse sec. later and shows the increasing reflections and interferences. 

The imagination readily pictures the conditions Ko later when the entire volume of the 
room is filled with sound proceeding in every direction. The width of the sound pulse should 
be much wider than shown if it is to represent actual conditions, because speech sounds take 
at least Ho s©c. for their generation^ and musical sounds are frequently prolonged a second or 
more. In the meantime, the energy of the pulse is diminished at each reflection by the absorp¬ 
tion of a fraction of the incident sound, so that it is used up after a number of reflections, depend¬ 
ing on the absorbing efficiency of the surfaces it strikes. 

805. Conditions for Perfect Acoustics.—Perfect acoustical conditions for hearing 
require that the sound shall rise to a satisfactory intensity which shall be equal in every part 
of the room, with no echoes or distortion of the original sound, and that it shall then die out in 
a suitably short time so as not to interfere with the succeeding sounds. Unfortunately, these 
ideal conditions are not fulfilled in rooms. The reflections of sound give rise to distortions and 
unequal intmnlies in different parts of the room and, except for special cases, it is impossible to 
secure simultaneously a suitable intensity and a proper time of reverberation. It will be shown, 
however, that while the ideal is rarely found, satisfactory acoustics may be obtained for audi¬ 
toriums of usual shape and size. 

|0c» Formula for Intensity and Reverberatiom---^Reaiioniiig in the mBxmet just 
dipfeiibed, Sabine^ developed an equation for the reverberation in a room, a simplified form 
♦ SodpUsre, Study of SjieMh eunroi/* Ciumegie Inttitiittoii Pabliostion, 1006. 
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of which for practical use is given in a succeeding paragraph. Later, J&ger,^ using a different 
constant, deduced the formula in a somewhat different form and discussed its applications to 
an auditorium. Thus, he developed the formula: E = where E is the intensity of the 

sound per unit volume t seconds after the initial intensity Eo has been built up, n being the 
number of redections that have taken place, and a the fraction of the energy absorbed at each 
reflection. More completely, the formula may be written: 

E * fT-avKt/^W 
av8 

where the initial intensity, Eo ~ ^A/avSj is seen to depend on A, the energy given out by the 
source in one second; the velocity of sound; s, the area of all surfaces exposed to the action 
of the sound; and a, the average sound-absorbing coefficient of these surfaces. Inspection of 
the relation shows that the intensity may be increased by making the source of sound, A, more 
intense; also, for a given A, the intensity may bo reduced by increasing the absorption, as. 

The decadence of the sound is given by the factor: e-"or#e/4W reverberation, 

t, is increased by increasing the volume, of the room, so that large rooms may be expc^cted 
to have excessive reverberation. A decrease in t may be brought about by increasing the 
absorbing power, o«, and thus improve the reverberation, but this procedure cannot be carried 
too far because an increase in the absorption decreases the initial intensity, as shown previously. 
The conclusion is drawn that only in special cases can both suitable intensity and time of 
reverberation be obtained for the same conditions in an auditorium. 

30d. Correction of Faulty Acoustics.—The practical solution of the problem of 
correcting faulty acoustics, has been made by Sabine* whose scientific work has established the 
fundamental facts of the subject. Assuming a sound of average intensity, he developed the 
simple formula: t = kW/as, where t is the time of reverberation; TF, the volume of the room; 
ns, the absorbing power of all the interior surfaces; and fc, a constant, depending on the units 
used, being equal to 0.164 when W is measured in cubic meters and t is taken in square meters. 
The term as is the sum of all the various absorbing agencies in the room and may be expressed 
as: 

as ~ aiSi + 02«2 4- uaSs +. 

where 8\ may be taken as the area of all the plaster surfaces, and ai as the absorbing coefficient 
of unit area of plaster surface; 8% the area of all the wooden surfaces and at the corresponding 
absorbing coeflicient, etc., until all the absorbing surfaces are included. 

In a series of investigations lasting several years, Sabine determined the absorbing coefficients of the various 
materials commonly used in building construction. His values arc as follows, assuming that unit area of open 
window space has perfect absorbing power and that its coefficient is taken as unity: 


Table 1.—Sound Absobbing CoErFiciENTs 


Material 


COSFFICUBNT 


Wood sheathing, (hard pine) — 

Plaster on wood lath. 

Plaster on wire lath. 

Plaster on tile. 

Glass... 

Brick set in Portland cement,.. 

Audience. 

Oil paintings, (inclusive of frames) 

House plants, per cubio meter. 

Carpet mgs. 

Oriental rugs, extra heavy. 

Cheeee doth........ 

Cretonne doth.... 


0 061 
0.034 
0.033 
0 025 
0.027 
0.025 
0.96 
0.28 
0 11 
0.20 
0.29 
0.019 
0.15 


ffihdin .. 

Hair fdt, 2.5 em. thick, 8 cm. from wall . 0-78 

Cork 2.5 cm, thlek loose on Boor... ® A6 

Undmitiv loose on Boor. ® A2 


* "Hur Tht^rie des KaohhnUs/* Sitsungsberiehte der Kais. Akad. der Wissensch, in W'ien, Math*Naturw. 
Klasse; Bd. OXX. AK 2a, Mai, 19U. 

* Aiehftectuirml Acoustics/’ A series o/ oaom in the American Archii*‘<‘t. UlOP and later paper* 
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Matsbiai. 

AucUenoe, per person. 

Isolated man. 

Isolated woman. 

Plain ash settees, each. 

Plain ash settees, p^ seat. 

Plain ash ehairs, *'bent wood**. 

Upholstered settees, hair and leather, each 

Upholstered settees, per single seat. 

Upholstered chairs similar in style, each.. 

Hair cushions, per seat. 

Elastic felt cushions, per seat. 

It should be noted that plaster, wood, and glass, the materials that usually form the interior surfaces of audi¬ 
toriums, have small absorbing power, thus accounting for the faulty reverberation found in any large auditorium. 
Hair felt, on the other hand, which is used extensively for acoustical correction, has a large coefficient. To be 
efficient as acoustical correctives, materials should have a coefficient of at least 0.10. When judged by this stand¬ 
ard, any type of plaster wall in common use is seen to be practically useless as an absorber. The desirable qualities 
in an absorber arc porosity and compressibility. The energy of sound incident on such a material is converted partly 
into heat by friction in the pores, and partly into mechanical energy by compressing the substance, the amount of 
energy so converted constituting the absorption. An audience is a good absorber of sound undoubtedly because of 
the clothing worn. When making an acoustical correction for an auditorium, the absorbing power of the audience 
18 figured as an important factor. By the use of these coefficients and Sabine’s formula, calculations may be made 
indicating how much absorbing materisJ. should be introduced into a room to give satisfactory acoustics for average 
conditions. These calculations may be made from the building plans so that the acoustics may be provided for In 
advance of construction. 

In rooms used only for speaking purposes, the time of reverberation should be shorter than for music alone, 
because a longer time of reverberation is desired for music. When the room is to be used for both musio and speak¬ 
ing, a time of reverberation is chosen that will be fairly satisfactory for both, the auditorium thus being made 
somewhat too reverberant for speaking and not quite reverberant enough for music. 

80c, Adjustment of Acoustics of Rooms.—To secure satisfactory acoustics in a 
room, it is necessary to know the amount of sound-absorbing material that will give the best 
effect. Such information is given in Fig. 18 for auditoriums up to 1,000,000 cu. ft. volume. 



GovmciiBKT 
. 0.44 

. 0.4S 
. 0.64 

. 0.030 
. 0.0077 

. 0.0082 
. l.XO 
. 0.28 
. 0.30 

. 0.21 
. 0.20 
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For example^ in an actual auditorium of 588,000 cu. ft. volume, the amount of material needed 
for op timum acoustics is 15,500 units. The absorbing values in the room before correction were: 


Conerete floor. 10,400 aq. ft, at 0.015 

Wood floor. 8,0S0 sq. ft. at 0.03 

Concrete ceiling. 16,600 eq. ft. at 0.016 

Skylishte. 1,200 sq. ft. at 0.027 

Walls (hard>faoed brick, glass) . 26,300 sq. ft. at 0.027 

Proscenium opening ... 1,872 sq. ft. at 0.2 

Seats, 1400. ft. at 0.05 

Audience (three-fourths capacity) 1060 people.ft. at 4.6 


156 units 
242 units 
247 units 
32 units 
710 units 
374 units 
70 units 
4830 units 


Absorption, including throe-fourths audience 


6661 units 


The optimum is desired for three-fourths audienoe, so that it is necessary to add the difference 
between 15,500 and 6660 units, or 8840 units, to give the desired effect.^ These units could be 
obtained by installing 17,680 sq. ft. of a material with a coefficient of 0.5, that is: 17,680 X 0.5 
=* 8840 units. 


80/. Echoes in an Auditorium.—Other defects than the reverberation may exist 
in an auditorium. An echo is set up when an auditor hears a sound coming direct from a nearby 
speaker and then again at a later time when it is reflected from a distant wall. Figs. 19 and 2() 
show the reflections of sound in the 
auditorium at the University of Illinois 
and how echoes were caused. This 
room is nearly hemispherical in shap<‘ 
with several large arches and recesses 
which break the regularity of its inner 
surface. Because of its large volume, 

425,000 cu. ft., and curved walls of hard 
plaster, it was afflicted with both revei- 
beration and echoes. An investigation* 
lasting several years yielded an analysis 
of the acoustical defects, on the basis of 
which action was taken to correct the 
faults. The echoes were located experi¬ 
mentally by sending a small bundle of 
sound successively in different directions and noting its path after reflection. A ticking 
watch was used as a source of sound. When backed by a reflector, this gave definite data, 
as did also a metronome enclosed in a box so that the sound could escape only through a 
directed horn; but the results were not conclusive. A satisfactory method was found that 
involved the use of an alternating-current arc light as the source of sound. This gave a hissing 
semnd that travelled the same path as the light of the arc. The light and soimd were reflected 
by a parabolic reflector to distant walls where an observer could see where the sound struck, 
liie walls causixig echoes were then readily located. 



Fxo. 19.—Eefleotiou of sound in an auditorium. 


For a dhthioi coho, Talbmt* estimates that the time differenoe between the direct and reflected sounds should 
be about He see., depending on the acuteness of hearing of tne auditor. For the practical avoidance of echoes, this 
would mean that the differenoe in paths of the direct and reflected sounds should not exceed 70 ft. 


Mp. latarferencc and Resonance. —^Another acoustical defect is created when 
saund waves, lofiected from the walls of the room, meet the oncoming waves in such a maxmer 
that pronounced interference takes place. Thus, a sustained musical sound may produce undue 
loudness in some places and a corresponding dearth of sound elsewhere. A further defect, 

«^ other wcamiaBe is Chap. 4, ** Aeoesties of Btiiidiiiss,^' by F. R. Watson. John Wiley A Sons, Ino. 

* MR 7a m ** Aeanetles of Audltoriume*' by F. R. Watson and BuU. 87 on **OoiTeetioii of Eohoes and Revsr*^ 
IsMIaa m thh AadltodlMa* tJnivWflty of Illinois” by F. R. Watson and James M. Whits. FubUilied by the 

Of Ith *9^. Btsi, Sta. 

* Matl m AlNMeetii^ Ammstles,” The Bdekbuildsr, 1910. 
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railed resonance, is caused when the original sound is amplified by the vibration of wooden 
paneling and by the reinforcement from alcoves or window recesses. In the practical correction 
of the acoustics of rooms, it is very desirable that the absorbing material introduced to reduce 
the reverberation, be placed so as to minimise the echoes and other faults. 

30^. Wires and Sounding Boards.—A statement should be made concerning the 
acoustical effect of wires and sounding boards, since these appeal to the popular mind as effective 
correcting agencies. Wires are of practically no effect.^ They have much the same effect that 
a fish line in the water has on the water waves. To be effective, the obstacle should be large 
enough to be comparable with the wave length of the sound. An instance is recorded where 
five miles of wire were installed in an auditorium without acoustical effect, so it was removed 
and absorbing material put in for correction. 


Sounding boatxb are useful in 
special cases where it is desired to 
direct sound * Sounding boards, re> 
lief work on walls, gallenes and other 
obstacles serve to break up the regular 
reflection of sound and prevent the 
formation of echoes, but their effect in 
acoustical correction is small compared 
with the absorption of energy by ab« 
sorbing material. 

30i. Modeling 
New Auditoriums After Old 
Ones With Good Acoustics.— 

A suggestion often made is for 
architects to model auditoriums 
after those already built that 
have good acoustical properties. 
It docs not follow that halls so 
modeled will be sucocssful, be* 
cause the materials used in con¬ 
struction are not the same year 
after year. For instance, it was 
the usual custom years ago to 
build wooden structures; but 
modem practice requires the 
use of steel, concrete, and 
plaster thus forming walls that transmit and absorb less sound. Furthermore, a new audi^ 
torium is changed somewhat to suit the ideas of the architect or the particular circumstances of 
the new building, and it is quite probable that the changes will affect the acoustics, 

30!;. Effect of the Ventilation System.—It would seem at first thought that the 
ventilation system in a room would affect the acoustics. The air is the medium that transmits 
the sound. It has been shown that the wind has an action in changing the direction of propaga¬ 
tion of sound.’ Sound is also reflected and refracted at. the boundary of gases that differ in 
density and temperature.’ It is found, however, that the effect of the usual ventilation cuirents 
on the acoustics in aa auditorium is small The temperature difference between the heated 
current and the air in the room is not great enough to affect the sound appreciably, and the 
motion of the current is too slow and over too short a distance to change the action of the sound 
to any marked extent.’ 



Fio. 20 ,—How ecboee are set up by reflection of sound 


t Sabfine^ Areb. Quarterly of Harvard University, March, 1912. Wateon, Bdenee, Vol. 85, May« 1912 
t Wstaon, Use of Bounding Board in an Auditorium,** The BrickbuUder, JTune, 1918. 

» Oebonie Reyncida, Froc. of Royal Boc., Voi. XXU, p. m, 1874. 
t Joa Banry, Report of Lighthouse Board of U. S., 1874. 

$, fynds^ im Tirana. 1874. 

Ree., Vd fll, p. 779,1910. Wgteon, Eng. R«a, Vd. 87, p. 885, im 

< * 
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Under epeoUd oircunuitftnoes, the heating and irentUatIng ayatems may prove dieadvantageoua. A hot atove 
or a current of hot air in the center of the room will aerioualy diaturb the action of the aound. Any irregularity in 
the air currents ao that sheets of cold and heated air are set up will modify the regular progress id the aound and 
produce confusion. The object to be stiiven for is to keep the air in the room as homogeneous and steady an pos* 
sible. Hot stoves, radiators, and currents of heated air should be kept near the walls and out of the center of the 
room. It is of some small advantage to have the ventilation current go in the same direction as the aound since a 
wind tends to carry the sound with it. 

31. Non-transmission of Sound. 

31a. How Sound is Transmitted.—^The second large problem in the acoustics of 
buildings is the transmission of sound. Sound may be transmitted from one part of a building 
to other parts in a variety of ways. The vibrations of pianos, cellos, etc., that rest on the floor, 
and the noise of motors, pumps, and other instruments that are placed in intimate contact with 
the building structure, are transmitted with surprising efficiency through the continuity of 
structure and are hindered in their progress only when encountering a discontinuity in elasticity 
or density, a large change of this kind being a transition from masonry to air. These disturb¬ 
ances may give rise to unexpected sounds by causing thin walls, partitions, desks, and other 
objects in contact with the building structure to vibrate and set up sound waves in the air. 
The action is quite similar to that of a speaking tube, the sound vibrations in this case being 
confined in the walls by the totally reflecting air boundary about them. 

Other types of sound that set up vibrations in the air, such as those produced by the voice, violin, etc., continue 
their progress in the air through ventilator ducts, open windows, spaces between doors and their casings, incom¬ 
pletely closed pipe openings, partition joints, or, in general, wherever there is a continuous air passage. On meeting 
thin walls and partitions they may cause these to vibrate and thus create sound vibrations on the further side. 

The foregoing considerations show that vibrations may pass from one part of a building to other parts along 
paths not easy to trace and introduce extraneous sounds that are undesirable. 

31h. Experimental Investigations.—Investigations that have led to some definite 
results, have been inaugurated to solve the difficulties, but there remains much to be done.^ 
The comparative intensities of sound transmitted and reflected by partitions of different mate¬ 
rials have been measured by the writer.* A sound of constant pitch blown by a steady air 



Fia* 31.—Apparatun for measuring sound transmitted and reflected by a partition, 

pressure, is directed by means of a parabolic reflector against the partition as shown in Fig. 21. 
Bsrt of tbe soundi is reflected and part transmitted, the intensity of each part being measured 
by a Bayldgil Besonator. The Bayleigh Resonator is a brass tube tuned to the sound and has 
^ glass dim hung IMde by a quart* thread. The disc deflects under the action of the sound, the 

> Tli« Brlokbufldw. F^b., tm 
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«a^ofd^Mtioab«mgproportioii&ltotheinteiudtyof thesoupd. This allowii 

fpwatito'tiTe, oomparative measurame&ts to be obtuned independeatly of the eat. 

A pr^minary investigation gave the following reeults: 


Table 2.—Tkansmismok and Rejujcction or Sound 


Material 

Deflections of resonator for 

Transmission 


Hefleetion 

Thickness in layt'rs 

1 

2 

3 

1 

2 

3 

^ in. hairfelt . . 

22.fi 

15.4 

10 4 

4.9 

fi.fi 

10.5 

>4 in. cork board. 

7.9 

3.75 

2 9 

15 7 

22.0 

22 6 

in. cork board 

1 15 

2.05 

0.85 

25 9 

21.2 

22.1 

in. paper lined felt .... 

5 0 

21.7 

3.8 

20 7 

5.9 

10.0 

H in. paper lined felt 

6.5 

1.95 

0.4 

10 4 

6.6 

6.8 

in. flax board ... 

2 25 

0.65 

0.1 

22.5 

20.0 

20.0 

in. pressed fiber. 

0 32 



23.2 



in, pressed fiber 

0.2 




1.. 



Inspection of the reeults shows that a porous material like hairfelt, transmits much sound. lining it with 
paper stops the pores and introduces air spaces between successive layers and thereby diminishes the transmission. 
Dense materials transmit less sound, as shown by the results for the pressed fiber. The law of transmission lor a 
homogeneous materml, like hairfelt, states that the intensity of the transmitted sound decreases exponentially 
with the increasing thickness. Doubling the thickness does not double the amount of sound out off; that iSf SI 
1 in. of the material stops 10 % of the sound entenng the material, 2 m. stop 10 %• 3 in. stop 27 %, ete. For non- 
homogeneovA walls, such as cork sheets with air spaces between, or compound walls, such as plaster partitions, 
there is no simple law of transmission. When a partition is elastic, it vibrates under the action of the incident sound 
and may be set in vigorous motion if in tune with the incident waves. This creates compressional waves on the 
further side of the partition and thus transmits the sound energy. Thick walls may act in this way as well as thin 
ones. Vibrations with amplitudes of one-thousandth of an inch and less are capable of producing audible sounds.* 
The reflection of sound increases usually with the thiekness of a homogeneous material, but the law is not a 
simple one. The reflection is large when the transmission is small unless the material is a good absorber. When a 
partition vibrates, the reflection may be smaller than expected, as in the case of the 
m. paper lined felt. Hefleetion is greater for rigid, heavy partitions than for 
elastic, thin ones 

The experiments just described point the way to further work and this has 
already been started with improved methods and apparatus. The complete solu¬ 
tion of the problem involves the absorption of sound. Fig. 22 indicates how the 
incident sound is reflected absinrbed, and transmitted In varying amounts depend¬ 
ing on the nature of the material, the construction of the partitioii and the 
possibility of vibration. 

The transmission of sound has been measured by Sabine* who^ tested the 
sound-insulsting effidenoies of hair felt, sheet iron, and eomtdnations of ^ose 
materials by a method involving the use of the ear in listening ior toe faintest 
trace of sound. Ho found that hairfelt transmitted eonsidefable found but that 
the rigid, dense sheet iron was more eifident. Alternate layers of sheet iron and 
hakfelt gave aoite satisfactory insulation. His experiments were preliminary to a more eatended investigation of 
standard sonstmetions and were intended to establisn methods and prindplea 

JigW’ states flrom theoretical considerations that thin walls of small mass and easily es^Mible of v^ratlon 
traittsmit sounds quite readily; also that low pitched sounds pass through partithms more easily thsT! hkh pitelied 
ones. Tuftsi* ecmdtided from bts experiments that porous materials transmit soond hs mu ch the game pinpori^oa 
that they allow air to pass. 

sic. Soaiid.fro0f Rooom.—T hef(BBgoiiigo(mduBkHttiiM)ie»tatlii^<NM»trttetice« 
bwt Buited forWBlctogMOniBWaiid-imNrf. What fa dawrad mm C llM i 

> Bw " VdmrttoM At BnddiiMAi*'Art. 8U 

•''Tk* fnMiAtimi «f SMiad,” TIm BritkbuiUlw, F»b., IMS. 

* AwlSNnrfaMjrafmnwk, p. 7M. 

^ • luapir. Wvim, Vd. s, p, ssr, iwi. .. 
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with 60rt <rf diiooiitouity, such as an air space. It appears of advantage to place sound'* 
absorbing material in this air apace* Unfortunately, it is not possible in practice to have a com* 
plots air discontinttity about a room, because the walls make a more or less intimate contact at the 
floor where they are supported. It is also apparent that any ventilation openings or cracks 
about doors, pipes, and partitions that will give a continuous air passage will allow transmission 
of sound and should be avoided as far as possible. Further, steam and water pipes convey 
sounds of distant, pumps, motors, and furnaces and are likely to pass these sounds to the air 
in the room. 

82. Vibrafiona in Buildings.—Another problem in the transmission of sound arises because 
of the vibrations of walls, floors, and other portions of the building which are apt to give forth 
sound. A systematic investigation of this subject was carried out by Hall^ in Ban Francisco. 
He used a modified seismograph pendulum that recorded vibrations in three directions, two 
horisontai vibrations at right angles to each other and a third vertical vibration. The results 
showed that buildings vibrate in all three directions to a greater or lesser extent because of 
machinery, street traffic, and other causes. The magnitude of the vibrations is generally small, 
varying in Hall's observations from about 0.0014 to 0.00004 in.; but it is likely that vibrations 
of factory floors exceed these values. The frequencies of the vibrations varied from about 2 to 
9 per sec. 

Vibratiaua of walls are capable of producinf; sound waves in the surrounding air, that will be audible if the 
amplitude of vibration is large enough. There appear to be no data for this particular case, but some idea of the 
action may be gained from experiments by Shaw* who found that a telephone receiver membrane vibrating with 
small double amplitudes gave sounds when held to the ear as indicated m Table 3 

Table 3.—Sounds Produced by a Vibrating Telephone Membrane 


Double 

Ampli¬ 

tude 

(inches) Result 

O.OOOOOS . sound "just audible" 

0.0004 . sound "just comfortably loud** 

0.008 . . .... sound "just uncomfortably loud** 

0.04 .........sound "just overpowering" 


Hatt’a values lie within these limits, but the sounds produced would be considerably fainter because they are not 
conveyed so direcUy or so efficiently to the ear as in Shaw’s experiment. 

More recently, this problem has been extended by others* from the economic standpoint, since it appears that 
these vibrations, particularly in faotones, affect the physical welfare and efficiency ol the employees. The results 
of the investigations described lead to the following recommendations for reducing vibrations: (I) To minimise the 
vibration at the source by using properly balanced machines, and by mounting them on separate foundations or on 
heavy, rigid floors; and (2) to reduce transmission of vibrations by introducing materials to produce changes In the 
elasticity and density of the building structure, thus following the principles already set forth in regard to non* 
transmission of sound. 


SCHOOL PLANNING 


By James O. Betelle 


School planning hu made ver>' mpid and marked development in the last decade, and, on 
account of tiie changes brought about by the World War, even greater and more marked develop* 
meats an looked for within the next few years. Courses of studies are changing, new mes an 
bekog added, and sonn old ones being abandoned. This means changes in the usual school 
buildiiig |tlaa ptopnAy to take can of these new conditions. It also means that new buildings 
ohuB be m c ons tr u c te d that changes may easily be made after tiie school is built, as no school 
fatiiiding eaa hp«to>date for a very kmg period during these times of rapd wljustmMt in 
sehMlwIniii^^ 


Alw wdtar papets. 

'''IMk «l Vol toiU p. MO, 

to ttw AtottlMW OHUitnietioa Oompwri 
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39« Bdocational Surveys*—Famght.od communities who wish to locate and to build their 
schools scientifically, and with a look to the future, are beginning to see the importance of 
having an educational survey made of their town or city by experts who make a specialty of such 
work. As a result of what is learned regarding existing conditions and probable future trend 
and increase in population, a building program for the next 5 to 10 yr. is planned out, sites 
acquired, and building work started. For typical examples of these surveys, see the reports of 
the surveys made of Portland, Ore., Omaha, Neb., St. Paul, Minn., and Cleveland, Ohio. 

84* School Sites.—The recently enacted physical and military training laws in many states, 
as well as a more enlightened public opinion, here made larger school sites necessary. 

F(»r the average elementary school accommodating about 800 pupils, a site of not less than 4 aoree is recom¬ 
mended; and for the intermediate school of 800 pupils, a site of not less than 5 acres is recommended. In an inter¬ 
mediate school the playground requirements become more important, and an experimental school garden is often 
included. 

For the high school accommodating about 1000 pupils a site of 10 acres, or more, is recommended. This will 
include not only space for games, such as tennis, handball, basketball, etc., but also a complete athletic field with 
baseball and football fields, running track, and bleacbers for spectators. It is very desirable to have the school 
athletic field adjoin the high school, as the games, drills, and exercises can be more easily supervised. The gym¬ 
nasium in the building with its lockers, showers, and other dependencies are readily available and olasses can be 
easily drilled or exercised in the open air when the weather is suitable, instead of in the enclosed gymnasium. 

Sites should also be selected with due regard for healthful conditions, accessibility, absence of noise, dangerous 
approaches, good moral surroundings, etc. The Minnesota school building regulations recommend that even on 
the smallest sites, not more than 20 % of the entire area be used for the building. 

It seems to be agreed among educators that school buildings should be so located that no scholar attending 
the primary school shall have more than of a mile to walk and, if attending an intermediate sohoo), not farther 
than miles. High school scholars can travel as far as 2}^ miles, but a limit of 2 miles is to be preferred In 
special oases scholars do travel farther to school than these distances, but trolleys or other special means of trans¬ 
portation are used. 

36. Program of Studies.—No school can be properly designed until the superintendent of 
schools furnishes the architect with a program giving the course of studies to be taught, length 
of class periods, number, size, and kind of rooms desired, and number of pupils to be accom¬ 
modated in each subject. This will permit the architect so to design the school as to suit the 
particular subjects to be taught rather than make the program of studies fit in wdth the building 
after it is built. 

86 . School Building Laws of Various States.—Many states have laws which apply to the 
construction of school buildings. Copies of these laws and any rules relating to building or 
grounds which have been adopted by the State Board of EMucation, the State Department of 
Labor and Industry, State Board of Health, and any other department having jurisdiction, should 
be obtained and carefully followed in the design of the building. Where state laws exist, it is 
usually required that all plans and specifications of school buildings be submitted to the State 
Board of Education or other departments having jurisdiction for approval before starting to 
build. The requirements of these laws vary widely from nothing at ^1 in some states to very 
rigid requirements in Ohio. The appointment of a federal commission is being adihocated to 
standardize these laws in the various states and bring about some semblance of uniformity. 
The control over existing school buildings and the plans for new buildings is usually enforced 
by state boards of education through their control of state money which they apportion and 
distribute to the various communities, and which they may withhold unless certain standards 
are lived up to. It is also well for the architect designing a school building not only to obtain 
and follow the local building laws but also not to fail to obtain informarion regarding any zoning 
laws affecting the location of the building on the site or otherwise. 

ST* Sdtool Organizatioii.—The school life of children is divided into 12 yr. and generally 
derignated as 1st to Iptb grades. Sometimes grades are designated as IB-IA, 2B-2A, etc., 
where there is promotion at midyear. The further divisbn has been general of housing the 
first 8 yr. or grades in a grade school and the last 4 yr. in a high school^ tile grades in the high 
school being caned 1st, 2d, 8d, and 4th yr, A change in thkoiganization know briiig mods by 
pheii]ga|un»w|ii^ between the lower grades and the senior hiih school Thte Ofinni* 
aatlen ftundFanteges will be treated under the deecriptkm of tite hlghsebool 

<4 
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A tendency to make an intenaive use of the school plant has been very marked in recent 
years. The use of the various buildings only 6 hr. a day for 200 days each year is giving way 
to twice as much use, or more. If we are to have the necessary school plant and equipment, 
which modem education demands, and still keep taxes within reasonable limits, economy must 
be pra<?ticed. There is no easier way to economize than to make more use than formerly of 
the facilities we already have. 

The so~callcd “Gary** plan is a scheme for the more intensive use of the school plant, the accommodation of 
more children, and at the same time a more diversified and attractive course of study, work, and play. The 
‘‘altemaiinK plan’* and **platoon system” are only modifications of the Gary plan, to solve the problem of some 
special community. From lack of construction of new school buildings to take care of the normal growth in popu¬ 
lation during the past few years and the excessive cost of new construction, commudities have been forced into this 
new scheme of organisation. The other alternative is to place a portion of the scholars on part time, which every 
one hesitates to do. Briefly, the sehomes are about as follows: One-half the scholars report at school, say at 8:30 
A. M. After the first period spent in the class rooms these pupils move on to the special rooms, such as shops, 
gymnasium, auditorium, or playgrounds, and leave the class rooms vacant for the second section or platoon. The 
program of the school is therefore rather complicated but very ingenious. The school day is longer than under the 
usual program because there are periods of supervised play, gymnasium, swimming pool, etc. The first pla¬ 
toon’s day comes to an end around 4:00 o’clock and the second platoon one period later, or around 4:40 o’clock. 
I'o run a school on this intensive basis makes it necessary to operate it on the departmental plan, and the school 
building must bo very complete in its various departments. The reason more scholars can be accommodated in 
this type of school than in the ordinary one is because several classes at a time are taken into the auditorium and 
given a singing lesson, an illustrated lecture, or something that can be taught in large groups; other large groups at 
the same time go to the playgrounds, to the gymnasium, etc., so that while the first platoon is absorbed in these 
special activities, the second platoon has the use of the recitation- and class rooms; thus the platoons alternate 
throughout the day. In some instances, groups of children are sent once a week for rdyigious instruotions to nearby 
churches designated by the Protestant, Catholic, and Jewish organisations, thus making still more room in the 
school for more pupUs. 

88. Kinds of Schools.—(1) Primary school, (2) intermediate or junior high school, (8) 
honior high school, (4) manual training or commercial high school, (5) vocational schooL 

89. Primary Schools.—Primary schools accommodate children from kindergarten age (4 
to 6 yr.) up to and including the 6th grade, where there is a junior high school, and up to the 8th 
grade where no junior high school exists. The plan of the building is very simple and consists 
principally of class rooms accommodating 40 to 42 pupils each. It may or may not have an 
auditorium. If it has an auditorium, it need be large enough to accommodate only one-half to 
two-thirds of the pupils at one sitting. A few years difference in the ages of children at this 
period means considerable difference in their mental development. It is not possible to talk to 
the entire group of 1st to 8th grades, without talking over the heads of the smaller children or 
beneath those of the older ones. For this reason, they are assembled in groups of only a few 
years' difference in age, and not so large an auditorium is needed. There is no objection, how¬ 
ever, other than the cost to having an auditorium seating the entire school, as it is often desirable 
to get aU the pupils together for some special occasion, such as at Christmas time, or for other 
entertainments. 

A play or exeroite room, equal m area to about 1500 sq. ft., ia provided to take care of the ehildren at recess 
fttid before achool during stormy weather. It is not usually called a gymnasium because little or no apparatus is 
used. 

The primary school is organised on the simplest basis, end the children do not go from room to room as in the 
departmental scheme but remain in the same class room and under the same teacher all the time. 

In schooli including the 7ih and 8th gradee, a few special rooms are included, such as manual arts room, 
household arts room, drawing room, etc. 

40. Intaiti^diate or Junior High School. —^The junior high school is an innovation in the 
school organisation which is being received with great favor. Educators claim many advan¬ 
tages bo& from a financial and an educational standpoint. Where junior high schools exist, 
the entire eohool eyetem is organised on one of several ways, such as the 6-6, the 6-2-4, or the 
6-M plan, the latter meaning 6 years primarj^ school, 3 years junioT high school, and 3 years 
htgb schooi The othm* aehemes are adopted to meet certain special situations as, for instance, 
ip the tiHS |daii| tlie oommuntty may have a laige and well organised high school whidh is large 
te IheMe^tbe 7th and Sth greuks. The pu{^s are therefore put in with the hiiOi school 
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buUdktg is needed. As the high school eniolhncntincreftsesj howevWf tnstesii 
of enhughig the hi gh school building, the junior high school can be built in which Will be aecom*- 
modeted the 7th and 6th grades and the first year high school class, thus relieving not only thc^ 
h%h school but ^he grade schools as well. The school system will then be organised on the 
6-S-3 plan, which seems to be the most desirable. 

The following claims are made in favor of junior high schools: 

1 Children in the adolesoent stage are best housed in separate buildings away from the ertreroely young 
po{»le as well as the more mature 

2 As the junior high Boho<^s are usually run on the departmental plan or to a great extent on that basts, it 
piondes an easy break between the very much supervised primary school, and the high school wheie the student 
IS thrown on his own resouroet and responsibility 

3 The children are often kept a httle longer at school and instead of leaving on ooinplction of the 8th gradt. 
as they probably would under the ordinary 8-4 organisation, they are encouraged to complete the junior high school 
course, which includes the dth grade or 1st year high school There is also the chance that having gone through 
the dth grade, the pupil will be interested to go further 

4 It IS possible to give baiter instructjon under the departmental plan where the pupils go to special teachers 
for certain subjects than it is where one teacher instructs in all subjects I'upils have a more diversified course of 
study and wider experiences in a junior high school organisation, and arc therefore bettex equipped to go out 
mto the world*8 struggle than they are under the 8-4 sjratem Promotions are usually made by subjects and 
not by grades, this makes for efficiency and pcrmita the pupil especially bright in any subject to progress more 
rapidly 

(3) The 9th grade or first year high school class is always the largest in a high school, and more pupils drop 
out during or at the end of this year than at any other time in the high school course The three upper high school 
classes are of a more even number, and the chances are that a pupil entering the second year adi complete the high 
school course It is therefore more economical from a building standpoint to house this large number of pupils in 
the lowest high school grade in a building which is not so costly or elaborately equipped as a modern senior high 
school building 

(6) The number of pupils m a class is generally reduced from 42 to thus placing it on the high school basis 
and furnishing more individual instruction to each pupil in the class 

More special rooms are provided than in a primary school but not bo many or so elaborately 
equipped as in a senior high school 

41. Senior High School.—Almost everyone is familiar with the usual senior high school, 
its organization and general arrangement. The tendency is to have more elective courses and 
place special emphasis on the difference between the courses for those gomg to college ^d those 
whose education ends upon graduation from the high school. Many special rooms are included 
and these will be described in detail under separate headings. 

48* Manual Training and Commercial High Schools.—These are specially planned and 
equipped schools for the teaching of special subjects. A manual training high school should 
not be confused with a vocational school. In the manual training school the pupil gives atten** 
tion to many subjects in order to have a vanety of experiences, and a trained eye and hand as 
well as a trained mind. In a vocational school the pupil gives special attention to one certain 
vocation and its alhed studies with a view of taking up the subject for his life's work, 

Ihe commercial high schools specialize on subjects similar to the ordinary college, 

such as bookkeeping, typewriting, stenography, letter wntmg, business arithmetic, businesi 
law, customs, etc. ' 

It Is tlie tendency nt the present time to oonoentrate the varicms different departments In one large blgk sdioo 
and Jkot sldit them up into a number of s^rate units teaching special subjects These are known as **eon»p»e- 
or ^'cosmoptdltan** type of high schools It is claimed that the pupil has a better ehanee to tnake an 
iutefiigsnt ehcnoe of his life work by being in dose association with pupils in vanous eourses mtid if he deeldeit as 
time goee <m« that it is best to make an adjusimeut or change m his course of studies, it eait sadly be airaaged 
ivltboot tlie ueeesdty of ehangmg adioola. 

IS. Yo mte aC Sdioois, mi Sa^-Hti(hM Blll.—The object of tiw voofttioiwl adbool is 
to St Mt imfividitot to pimtie ^feetivtdy a recogniced proStoble omployiOMi. It ii iittoiwierf 
iar penoBS over 14 yr. of 4«e who an {Heparing for a trade or iadustrkd pamdt Uhwfi 
i tt tl to dwi to ialBe the ]^Me of the legular schools, but hi a la^|[e tueann is aSMtulwt to itotp 
jiMb«toto4«iad a* ph^ pupils who would^othwwiae leave and go to Vgrife. 13to itotoSto bf 
h#ingi^ and eeeUag eiiiptoyintot at the eeaty age of 14 yr. k>ahmAat,ialiti tSe 
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cmm <rf Mix leaving and etarting to work in not always an economic one. With courses of 
studies^ eurfi as tke vocational school will provide^ a great number of these pupils can be kept 
at school 2 or 8 yr. longer and receive suflideni training in useful occupations to take them out 
of the unskilled labor class. 

The U. S. Oovewittieat hw reoognieed the need of more skilled artisnns, and realises that it Is not a local 
matter. A pupil may be b<wn in California, get his training in Massachusetts, and later spend hie days as a macnin*' 
ist in Indiana. In recognition of the above condition Congress passed the 8mith*Hughee Bill estabUehing the Fed* 
oral Board for Vocational Kducation and renders financial aid to tbe various staters wnere vocational schools are 
<»stabUshed. The bill, however, does not grant any money for the building or equipment; this must be taken care 
of entirely by the oomsuunjty. The financial aid from the Government is to be devoted toward payment of the 
teachers* salaries and the training of teachers. 

Vocational schools are built separately for boys and girls and it is important to give an actual shop atmosphere 
to the building and its work rooms. Its shops should be amply large and flexible so aa to take care of changing 
conditions. In most vocational schools special att<*nticMu is given to local industries. Boys* schools include such 
courses as plumbing, electrical work, pattern making, sheet metal work, automobile and gas engines, printing, 
brick laying, carpentry, sign painting, blaoksmitby, machinery, etc. Girls’ 8oho<ils, such courses as dressmaking, 
iniliiDery, suit and cloak making, children’s clothing, novelty work, electric power machine operating trades, fea* 
tber and paper working, weaving, glove making, straw hat making, embroidery, hemstitching, sample mounting, 
etc. About 70 % of the girls forced to become wage earners in the skilled trades take up some form of dress-making. 
AU of the shops and work rooms should be laid out as near actual working conditions in the trade as possible. The 
advice of the instructor in the various shops, as well as advice of heads of large and successful local industries, should 
be sought and followed by the school board and architect in designing and equipping the school building. 

Vocational schools and junior high schools are the two newest types m schools that have been developed in 
the past 10 years, and indications point to rapid development in these two types in the immediate future. 

44. Continuatioii or Part-time Classes.—Continuation classes are for the purpose of con¬ 
tinuing a pupirs education for a ceii ain time longer, when he has been permitted to leave and 
go to work at an early age. Part-time classes are organized when an employer recognizes the 
advantage to him of improving the skill and training of his workmen. He permits certain of 
his younger employees, at his expense and during working hours, to go to school for special 
instruction in his particular line of work. 

44. Wider Use of School Buildings.—^In line with the more intensive use of school buildings 
for instruction purposes, has come the wider use of these buildings for community or neighbor¬ 
hood purposes. In designing the building, the architect should keep in mind this wider use and 
arrange certain rooms which arc likely to be used by the community so that they are easily 
accessible without disturbing the school while in session, or so that these rooms can he used at 
niglits or holidays without the necessity of opening up the entire building. 

AxmHia th« rooms most likely to be used by the oommunity are the follouing: (1) The auditorium for lectures' 
moving pioturea, plays, oonoerts, political meetings, etc.; (2) the kindergarten for small danoM, receptions by tea¬ 
chers, the home and school association, or similar bodies; (3) the gymnasium for large dances and receptions, for 
men or boys* gymnasium classes, for neighborhood basketball teams, for boy scouts, etc.; (4) the library as a cir¬ 
culating branch from the central public library; (5) the domestic science room by the Red Cross or other society, a 
community Idtehen, or preparing refreshments for socials or receptions hdd in other parts of the building; (6) a 
room ao arranged with an outside entrance, or that is near one, so it can be used on election da 3 rs as a voting plaoe; 

Cf) tellet and shower rooms made accessible fer playing grounds so they can be used during summer vacations, 
and at houra when school building is dosed. These are all uses separate and distinct from the dsy or evening 
eohools, and should be iwovidod for not only to stimulate interest and pride in the school, but to develop and 
maiiitaia the beet American citiaenehip. 

46* Beigltt ol School BuBdingSy and Ono-story Schools.—It is an axiom in school con- 
Btnioti<m to bave as few stories as poasible. Basements with floor lines bdow grade level are 
Tliess basemmit stories contain very much waste space, ate oftentimes damp 
attd always poori^ lighted. When the school becomes crowded, classes an practioaUy 
always plaeed ia unsuitable quMters rither permanently or temporarily, until a new school 

eat# be built. In many large mtiea, notably Boston, New York, Oiicago, and Cleveland, base. 
UMBitsase baiiM and the first floor placed a few steps above the geneifl ffrade level. 

Ite lb the lowest story as well fighted and as dry and lanuhlS as any in the 

NMtef. *||MtRatingpbmt is sometimes placed k a smafi basement unto the gnaind flour. 
btitlsliM tnsbiii i dtw mwavatioa necessary, it is better to place it in the building on 
ejctetudon wtwde the main budding. 
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It seems agreed that a building 3 stories or 2 flights of stairs high Is about the limit for any 
school While in very large cities schools are sometimes built higher, it is an exception, and it 
is only the congested districts and immense value of land that makes it necessary. Grade 
schools which are built 2 stories of 1 flight of stairs high are preferred to a higher building. 

A recent development in school buildings is the large 1-story schoolhouse. This idea is confined principally 
to primary or grade schools and has many advantages. It eliminates stairs and in many cases each room has an 
exit door to the outside on grade, besides being connected to the school corridors, thus making each class room more 
or less of a unit in itself. Numerous examples of this t 3 npe of school have been built in California, Oregon, Kansas 
City, Minneapolis, Rochester, and around Chicago. 

The advantages claimed are as follows: (1) Safety from fire and panic; (2) quicker and cheaper to build; and 
(3) elastic in plan, with additions easily made. 

Its one great disadvantage is the sixe of the plot of ground required and the added cost of this land. 

While 12 rooms with auditorium and kindergarten seems to be the average maximum sise, the City of Cleve¬ 
land has built 1-story schools considerably larger in sise, made necessary principally by the drastic requirements 
of the Ohio school building code. 

Many of the 1-story schools have a minimum amount of light admitted from the side walls, with the majority 
of the light coming from an overhead skylight. This has a special advantage in those rooms facing south, where 
during a greater part of the day the window shades have to be pulled down on account of the sun shining into class 
rooms. The skylight is built on the principle of the saw-tooth factory roof, and faces north. No sun can shine 
into the room through this type of skylight and yet the desk farthest from the outside windows is as well lighted 
as those next to the windows. 

It is predicted that the 1-story schools, with floor on grade, without basements, will come into very general use 
in our smaller cities, for medium size grade school buildings. 

47. School Building Measurements.—In order to bring about a standard of comparison as 
to cost, pupil capacity, cubature, etc., the following report has been adopted by the American 
Institute of Architects, and also by the Committee on Standardization of School Buildings of 
the National Educational Association. It is recommended and urged that these directions be 
closely followed in preparing data on school costs, etc. 

For the purpose of obtaining comparable data upon the educational utility and cost of school buildings, they 
ehall be classified, measured, and defined as follows: 

Educaivonal Classtfication: School buildings shall be daasified, educationally, as: lower elementary, upper 
elementary, high, or secondary. 

Lower Blementary: Shall be defined as a building containing class and kindergarten rooms, together with the 
usual accessory rooms, such aa principal’s office, teachers’ rooms, play rooms, toilets, etc., and used for the lower 
elementary grades only. 

Should a school building of this tsrpe be provided with assembly room, gymnasium, or other special rooms, it 
shall fall into the next classification. 

Upper MemerUory: Shall be defined as a building containing lower or upper elementary grades, and in addition 
to the regular class and accessory rooms, an assembly hall, gynmasium, and such special rooms as may be included 
for upper grade or special work, which may include elementary science, elementary industrial training and house¬ 
hold arts. 

This daasification would thus include the Jmiior High School, the Elementary Industrial or other types of spec¬ 
ial ^mentary schools. 

High or Secondary: Shall be defined as a building containing class rooms, reentation rooms, laboratones, and 
such special rooms as are necessary for classical, technical, commercial, industrial, household arts, noriziiiA» agricul¬ 
tural, or other purposes required for secondary or junior college education. 

Construction Claseijication 

Type A.—*A building constructed entirely of fire resistive materials, including its roof, windows, doors, floors 
and finish. 

Type B.—A building of fire resistive construction in its walls, floors, stairways and ceilings, but with wood 
finish, wood o^ composition floor surface, and wood roof construction over fire resistive ceiling. 

Type C ,—^A building with masonry walls, fire resistive corridors and stairways, but with ordinary construction 
otherwise, f.s., combustible floors, partitions, roofs and finish. 

Type D. — ^A building with masonry walls, but otherwise ordinary or Joist construction and wood finish. 

Type Jf.—A frame building oonstructed with wood above foundation with or without slate or other semifire- 
proof material on roof. 

Node: Should brihSngs of any of the ribove riassifioatlons be ereoted without eomplete ventilating iystems 
or oter meriianioiil equilMiient, due note should be made of sorii laot in feporthig its cost data, 

Cosf CTfriki 

To deterttdite edueational utlHty of the bulWiig, obtain the sori jmt pupil. 

To ^^etermine eonstructioo oost of buSdingt oUtaln the sari psr /osi. 
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The devisor to be used to determine the eo$i per pupil, shall be determined by the number ol pupils normally 
aooommodated in rooms designed for classes only. In arriving at the number of pupils, special rooms are to be 
figured at the actual number of pupils accommodated for one dass period only. Auditorium or assembly rooms are 
to be ignored, but gymnasiums may be figured for one or two classes, as the accommodation may provide. No 
gymnasium, however, shall be accredited with two classes, if bdow 40 X 70 ft. in sise. 

Coet per Cubic Foot .—To obtain the cube of a school building, multiply the area of the outside of the building 
at the first floor level by the height of the building from 6 inches below the general basement floor to the mean 
height of the roof. Parapet walls, stacks and other projections beyond the mean height of the roof, as well as 
balconies and porches not contributing to the actual usable floor of the building, are to be ignored. 

Where portions of the building are built to different heights, each portion is to be taken as an individual unit 
and the rule as above applied. 

Co»t lietM 

The cost of school buildings shall be divided into four general items: 

First .—Cost of land and grading. 

Second .—Cost of building construction. 

Third .—Cost of furniture and fixed equipment. 

Fourth .—Cost of architects*, engineers', brokers' and supervision services. 

First.—Cost of land and grading should include the cost of the site and the necessary grading to place it in con¬ 
dition to receive the building. Should the site be abnormal and require piling, filling, quarrying, or other unusual 
expenditures to place it in normal condition to receive the building, such costs are also to be charged up against the 
site and not the building. ^ 

Second.—Cost of building should include (a) general contract and any sub-contracts pertaining to the general 
construction of the building, as, for example, excavating, masonry, fireproofing, stool construction, carpentry, 
cabinet work, sheet metal work, roofing, painting, etc. 

(6) All contracts for electrical work, plumbing, vacuum cleaning, sewage disposal, heating and ventilating, 
clock systems blackboards, elevators, or any other contract for any part of the building not included above, neces¬ 
sary to complete the same, ready for occupancy. 

(c) The cost of all site improvements, such as walks, drives, yard paving, fencing, and landscape gardening. 

Third.—Cost of furniture and fixed equipment: (a) Should include cost of all portable furniture and cabinets; all 
laboratory and shop equipment: and all other equipment which would not be classified as "Educational Supplies." 

(b) All decorations, including special painting or decoration of any kind that may not be included in the gen¬ 
eral painting contract. Hangings, rugs, pictures, oasts, and other forms of decorations furnished at the time of 
the occupancy of the building which are not classified as "Educational Supplies." 

Fourth.—Cost of architects*, engineers*, brokers* and supervision services should include the cost of all plans and 
specifications, architects', engineers', landscape gardening and supervision and all other experts' services and 
expenses. 

48* Ori<sntatioii of Building.—In cities where ground space is limited and streets laid out, 
it is already settled which way the building will face. In rural sections and on large sites more 
choice is possible. It is generally agreed that where possible all rooms should have sunshine 
some time during the day. This can best be done if the building is faced midway between the 
cardinal points. Otherwise, the majority of the rooms should face either east or west. South¬ 
ern exposured is objectionable because the curtains have to be lowered most of the day; this 
reduces the light to considerable extent and is otherwise annoying. Sunshine is not objection* 
able in laboratories, in fact is quite desirable; bilateral light in these rooms is also satis¬ 
factory. The pupib move around in various positions and are not confined to one spot, as 
in a class room. This free movement of the pupils in laboratories and shops permits them 
to adjust the light to the work they are doing and under these circumstances there is no 
objection to bilateral lighting. 

49* Class Booms.—^The unit of the school is the class room and the building is built prima¬ 
rily to accommodate these rooms. Laws of different states vary as to the number of square feet 
and cubic feet to be allowed per pupil in class rooms. In Pennsylvania and New York it is 15 
sq, ft. of floor space and 200 cu. ft. of air space per pupil. In New Jersey it is 18 sq. ft. floor 
space and 200 ou. ft. air space. In Ohio, 16 sq. ft. and 200 cu. ft. for primary grades, 18 sq. ft. 
and 225 cu. ft. for intermediate grades, and 20 sq. ft. and 250 cu. ft. for high schools. In grade 
schools 40 to 42 pupils are usually accommodated in a standard class room while in a high school 
80 to 85 pupils is custom. The minimum height of class rooms is usually placed at 12 ft. 
In New York State, 13H ft. is the minimum and is arrived at by dividing 15 sq. ft. pet pupil into 
the required 200 cu. ft* per pupil which gives a result of IBji ft. Sises of class rooms vary 
slightly^ a room 24 X 80 ft. accommodating 40 pui^ in New Jersey. A standard class room 
in New Yoric Qty Ip24 X2S ft.; in Httsburgh, 24 X 32 ft. 6 in.; in Boston, 23 X 29 ft. for 
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lower and upper elementary grades and 26 X 32 ft« for junior high schools. Eeoitation rooms 
in Boston are made 16 X 26 ft., or one*half a class room. It would seem that 24 ft. is the mad* 
mum width that can be recommended for a class room, while 22 or 23 ft. is a more desirable 
width. 

Where wood jobts are used in floor oonetruetion, economy diotatee it should be planned so the stock lengths 
of 22, 24, or 2fl>ft. timbers can be used. A masdmum length lor a class room of not over 34 ft. is good practice. In 
rooms longer than this the teaoherb voice reaches the last rows with difficulty, and scholars have trouble in reading 
work placed on front blackboards. 

Unilateral or lighting from windows only on the long aide of the room on the left side of the pupil is the best 
practice, and is insisted upon in most states where there arc any requirements at all. Under certain conditions 
bilateral lighting is permitted with a minimum of light in roar of room at back of pupils. Light should never be 
admitted through windows in front of rooms, with children facing it. In kindergartens, shops, playrooms, gym¬ 
nasiums, laboratoiies, bilateral lighting is permitted. Window heads should be kept close to ceiling so as to 
project the light as far across the room as possible; it is a good rule that the width of the room shall not exceed 
1 >S to twice the distance from floor to head of window. The net s^ass area, after deducting all area occupied by 
frame, sash, muntins, etc., should not bo less than 20 % of the floor area of the space which it illuminates. 

Blackboards of slate hi in. thick should be installed on all available wall surfaces. In primary grades the 
chalk trough is placed 26 in. above the floor; in intermediate grades 30 in.; and in high schools 33 in^ Slate black¬ 
boards come in stock widths of 3 ft. 6 in., 4 ft., and 4 ft. 6 in. Boards 4 ft. wide are to be preferred Near front end 
of rooms a bulletin board should be installed in same frame as the blackboard. This is usually made of cork so 
exhibits and notices can be pinned to them—size of panel about 4 ft. high by 3 t(k 5 ft. long. 

Window openings on inside should have trim omitted and plaster returned into jambs and. heads Plain wood 
sill and aprons are generally used, but slate or bull-nosed glazed brick sills are very desirable so growing plants can 
be placed in windows, or windows left open and no varnished woodwork to be repainted when damaged by water. 

Floors should be of maple, rift sawn yellow pine, or other good hard wood depending upon local conditions— 
plain wood base about 7 in. high, with quarter-round molding top and bottom. If glazed brick or slate base can bo 
afforded, it is desirable on account of washing compounds used on floors which eat off the vaHiish of the wood base. 

A minimum amount of plain wood trim should be used, either of oak, chestnut, or similar hardwood depending 
upon locality. Picture molding should be used in all rooms and corridors. Combined bookcase and stationery 
closet is required in each class room, also steel or wood lookers fm* teachers* wraps. Special color finishes on wood¬ 
work are to be discouraged. The raw wood should be stained slightly to make it approximate the color of " golden 
oak.** This permits furniture of standard shade to be purchased and match wood trim of room and also avoids 
trouble later on when any additional furniture is needed in matching same with the special color of the finish in the 
room. Plaster walls and ceilings should have a smooth finish; sand finished surfaces are not desirable for sanitary 
reasons. Painting of walls should be included in the building contract. 

One door to corridor at teacher’s end of the room where it is under control is sufficient. Doors should be 3 ft. 
2 in. to 3 ft. 6 in. wide and 7 ft. high with small clear glazed pan^ in upper part. Door should open out from dass 
room into corridor. Transoms are seldom used. 

SO. Wardrobes.—^Provision has to be made to take care of pupils* clothing and a distinction is usually made 
between wardrobes and cloak rooms. A wardrobe is a shallow closet and a part of the room, while a cloak room is a 
separate room about 5 to 6 ft. wide located at one end of the.class room. Cloak rooms have been preferred up to 
recent years when economy has encouraged the use of the wardrobe scheme. A saving in length of a class room unit 
of about 4 ft. is accomplished in the use of wardrobes, as these occupy a width of 2 ft. against 5H to 6 ft. for cloak 
rooms. This amounts to quite an appreciable saving in a budding 4 or 6 class rooms in length. In either the ward¬ 
robe or doak room scheme, thorough ventilation should be provided. 

In schods operating on the departmental bans, where the children change from room to room, egch period# 
individual steel lockers placed elsewhere than in the doss rooms are usually provided for pupils* olothiiig. Some¬ 
times these lockers are placed in single large groups, one for boys and one for girls, on a lower story, but this leads 
to confusion when a great number of pupils are dismissed at one time. A better distribution of lockers is to locgte 
them on each floor in alcoves off the corridors having outside light. Another scheme often used is to distribute the 
lookers along each wall of the corridors on the various floors, setting them in flush with the furred plaster walls above. 

il« Corridors#—ITtdtk.—-Minimum 8 It. where serving four dess rooms, 10 to 12 ft where more dass 
rooms are taken care of. Width of corridor increases hi proportion to its length and distanee between stafareasiS. 
Where staircases occur at ends of corridor, 10 It. is the minimum width. Some authorities recommend extrerndy 
wldecofridorsuptoUtolfllt. There is no obleetion to this; in fact, It is desirable if it can be afforded, Acompro- 
mise plan is to make the side corridors the minimum width# with a ocurridor 12 or 14 ft. udde that can be hsed 
for various purposes, eueh as ediibitton space, reception ha^ etc. High school corridors should he wider than those 
in grade schoota, so aa to affotd proper room for eircuhition, as the high sdiod classes change ahd php0C ihove in 
different direotloni eVery 46 min. 

nutsids light and air are deefrablc, at teast enoudi so that no artifloial light will he reuuivad under 
oidhmiy oonditioaa. 

ffioorfbe wood* asphalt# eement, tecraaso, tile# heavy Hndeum dued dotm, coanppiiffop# or any mala¬ 
rial that wflU withstand heavy wear and that Sa notHih^pping, poisdsea, and sanitary^ ^ 

’ lower part of plaster wnffl gets Saeeidi^ hofvy tfaar# a protecrivs wiiapeotini of adua 

kind or tile, orthemieni or ean^msitfaii floor oonttnnediip thniiide Wtfltt.' 
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i^tiied to the wail* it not antitlftotory oa aocount of tendonoy to peel up »t Idntt. Wood thoold not bo uood on no- 
oount of dro bwmrd* 

93L 8taimAyi.«^Locaff<m.«--Should be properly diatributed in order to eanre eaually all perte of buUdinn. 
Where located at ends of corridors, havo the adTantage of being always in sight and saving space in building* Stairs 
should lead direoUy to an exit outdoors without tne necessity of passing through any portion of the budding to reach 
an exit. 

Number. —^Laws of different states vary. Two staircases are sufficient when there are not more than eight class 
rooms on second and third Boors. Building with nine or more rooms on upper floors should have three or more stair* 
cases depending upon sise of building. Another rule is sufficient stairs to empty building within 3 min., counting 
that 120 pupils can pass a given point two abreast in 1 min. 

Wiath.^ —Shoidd be sufficient for two pupils walking side by side, but too narrow for three. Ordinarily 4 to 6 
ft. wide for each run. Wider stairs should be at least 8 ft. wide for each run with handrail down center made 
continuous around landings. 

C 0 ii«fruetton.>—-Should themselves be fireproof if possible, even in frame buildings, and always enclosed in fire¬ 
proof walls with smoke screens separating them from the corridor. May be iron with slate or other treads, w re¬ 
inforced concrete with iron safety treads. High balustrades at center between runs, open if iron or solid if concrete. 
Handrails both sides of all runs. Stairs should have two runs to each story, with landing in center and one flight 
returning on the other. Rise of steps should be 6 to 7 in. No winders permitted. Where boys* and gjrW toilets 
are located in basement, two staircases shall extend to basement. No closets for storage purposes permitted under 
stairs. Where small differences in levels occur between different portions of building, an inclined plane or ramp 
should be used instead of a few steps. At bottom of stairs should be a vestibule between it and the outside air. 
Vestibule provided with heat to prevent cold outside air from coming directly into staircase enclosure and making 
temperature in same appreciably different from temperature in corridor. Other special types of staircases are used, 
such as the duplex stairs in New York City, and the smoke-proof factory tower used in Philadelphia. 

88. Toilet Rooms.— Location. —In grade schools, principally on lower floor accessible from indoor playroom and 
outdoor playgrounds. Also desirable to have minor emergency toilets on upper floors. In high schools where 
classes change every 40 min., toilets are best distributed throughout the building, where they are easily accessible 
when classes change. 

Number of Fixturee. —Opinions differ as to correct number of fixtures for a given number of pupils. The ten¬ 
dency is to instidl too many fixtures, rather than too few, with a corresponding waste of money. Good practice 
seems to dictate one water closet to each 25 boys and one urinal to every 25 boys. For girls, one wat» closet 
to every 25. Two or three lavatories for each toilet room depending upon the sixe. 

Type of Fixture. —Water closets should be seat action, and as near *‘fool proof” as possible. Open front seats 
recommended. Individual porcelain urinals preferred to slate or soapstone. Urinal flushed automatically from 
tank and turned off at night. Continuous-range water closet and trough urinals should not be used. 

Floors. —Some non-absorbent materials such as cement, asphalt, or tile. Also desirable to wainscot room, with 
brick, tile, or cement. 

Lig/iring.-—Plenty of light and air are essential and more important than in many other rooms. 

84. Kindergartens.— Location. —On lowest class room story, corner room with southern exposure preferred, 
bilateral lighting permitted. 

Size. —Larger than a regular class room and equfd to an area of 1000 to 1500 sq. ft. Often arranged so it can 
be divided into several smaller rooms with folding doors so class can be separated into small units. 

Design and Equipment. —Usually made more attractive than a class room, walls paneled with high wainscot, 
plaster walls above painted and stenciled and often decorated with nurseiy scenes. Fireplace sometimes installed 
at one end of room. Plaster easts and pictures of juvenile subjects hung on walls. Flower boxes placed in windows. 
To give greats area to room, a bay window is often installed, in which is located a low-down window seat. A sepa¬ 
rate entrance is desirable, as the kindergarten should be a separate unit in itself so that the small children have no 
reason to go into the main part of building, either for entrance, dismissal, or otherwise. It should have its own 
wardrobe and toilet room fitted up with juvenile-sise fixtures, also wardrobe space for two or three teaoh'eie. A 
drinking fountain, set down low so it can easily be reached, ahould be located in room. Plenty of storage space in 
dosots or lockers should be provided for toys and material. little blackboard space is necessary, but cork display 
boards for tacking up exhibit# should be plentiful. 

88 * Gymmaaiumi.—Many states have enacted physical training and military training laws and are reqidriiig 
instructions in same as part of the course of study in the eobod. This makes necessary large gymnasiums and plas^* 
geounds fer dfiU and esereise purposes. 

—Tbe gymnasium can bo located on either the ground floor or the upper story, the ground floor having 
the preCerenoe, beeauae it has direct aooeas to the playground and can also be used more conveniently at night for 
^eommnnity purpoesa. X«oeating the gymnasium in excavated space under the auditorium or at the bottom of a 
light oonrt with only ahyhghts lor Ught end air is to be discouraged. The purpose of a gymnasium is for inatmetion 

Italiould, therefore,bebrightandairy with targe windows on at least two 
alto and op three tidee R p^ble. The walla of the room ahould be kept free of projeotiona and with radiatorain 
mo iitea protedted with heayy wire aoreena. 

fShocita it ahonid be targe enongh to be used by the community at night for ptaylng baaketball. 

X 60ft, whitathenMudmumaieeiaffO x 90ft. Atleaet8fi^ ahotild 
Ita on nil etdai of the eourt If eompaolea of putdb diiO in the gymnaeluim it should be at least iSO x 

It* In ahta 08 ltai«an Xh Wih adhoola of W or more ptmltai one gymnasium is not sufficient to take care of all 
Ijn Rda oaas, ^jeonotay ean be effected by petMd^m m additlenal exereiae room. This mom can be tbe 
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«FM ol about two daw rooms and can bo used efficiently lor all ordinary purpoew. The largo gynm^um cm be 
used by the boys and girls alternately or at such times as they have basketball games or other special exeroisee. 

JBquipmeni,^ln the larger gymnasiums, running tracks are sometimes installed, but the tendency is to do all 
the running possible in the open air. Qalleries are provided for spectators to watch the interscholastio games. 

Height. —The height of the room should not be less than 18 ft. nor more than 26 ft. If lower than 18 ft., there is 
not sufficient swing for the flying rings. If higher than 25 ft., the supports for these rings must be hung down to this 
level. 

Floor,—maple wood floor is practically always installed in a gymnasium. 

Minor Roome, —Off the gymnasium should be located the Physical Director’s office and also the boys’ and 
girls* looker rooms, toilets, and shower rooms. A drinking fountain should be installed to avoid the necessity of 
pupils going out of the room for water. A room should be provided to store apparatus when it is desired to clear 
the floor for basket ball, a dance, or other purposes. 

M. Swimming Pools. — The importance of everyone knowing how to swim is becoming more and more realised 
as time goes on and made part of tne high school curriculum. It is only the high cost of installation and mainte- 
nance that prevents the more universal use of this item of education. 

Location. —On lower floor. 

Conaiructton .—Should be built in the most sanitary way, using impervious tile or glased brick It takes con¬ 
stant care and attention to keep a swimming pool sanitary under the best conditions, so that pools built of cement 
or any absorbent material should be avoided. 

Site. —The length of the pool should be 45, 60, or 75 ft., or in any case a multiple of 3 ft, as swimming contests 
are always measured by yards. The pool need not be very wide, especially for beginners, who are more easily 
reached in case of need m a narrow pool, the width being usually from 20 to 25 ft. The desirable sise pool for a 
high school is at least 20 X 60 ft. The depth of the pool at the shallow end averages 3 ft. 6 in., while at the deep 
And about 8 ft. 

Minor Rooms. —In connection with the pool should be the looker and dressing rooms with their shower baths, 
toilets, towel supply room equipped with laundry tubs 

Temperature, Light, Etc. —The pool room should have plenty of natural light and ventilation and should be 
kept warmer than the ordinary class room. It must be remembered that many of the children using the 
pool are undernourished, and the temperature of the water should average around 74 to 76 deg. or more to avoid 
discomfort. 

Equipment —The pool must be equipped with heater to keep the water in the pool at the proper temperature, 
a pump to circulate the water, and a filter and steriliser to purify the water. As the pool has a capacity of 50,CK)0 
to 60,000 gal, it necessarily cannot be emptied except occasionally; the average seems to be once per week where 
the pool is being used to any great extent. It usually takes about 24 hr. to fill the pool and to bring the water up 
to the proper temperature. 

97. Library.—It should be decided whether the library is to be for the school only, or a circulating library run 
in cooperation with the central public library serving a community purpose. 

Location. —If for the school only, it can best be located at some central point in the building near Study Hall. 
If for community purposes, it must be located on the ground floor near an entrance, as to be of the most use, it 
will have to be open at times when the school is closed. 

Swe.—The tendency is to give more space to the library and to require the pupil to get familiar with its proper 
use. Not less than 1000 to 2000 sq. ft., depending upon sise of school and number of books in library. A librarian 
is usually at hand to give assistance and very often a stock room and work room are also included. 

Equipment. —Bookcases, reading tables, and chairs, magasine racks, card catalogs, librarian's desk. The 
room should be made attractive and given a library atmosphere. 

99 . Auditorium.— Location. —It should be centrally located and made accessible not only to the pupils, but to 
the general public. 

Site .—In high schools it should accommodate the entire student body at one sitting, while in grade schools it 
may or may not aooojnmodate the entire school, often H ^ Hot the pupils will be sufficient, as the younger pupils 
are not usually brought into the auditorium at the same time as the older ones. 

The seating capacity may be determined by dividing the area of the room in square feet, not including the 
stage, by 6H sq. ft. for eaoh p^on, which includes the necessary aisles. Beats are usually 19 or 20 in. wide and 
spaced at least ^ in. back to back. Width of idiles is 8 ft. at their narrowest part and increased towards rear at 
thit rate of IH iu< iof every 5 ft. in length. 

Equipment. —Provision should be made for stage curtain and scenery for school and community plays. The 
stage should be liberal in sise to take care of large graduatiiig classes, community tdionis, or orchestra, and should 
be accessible from the rear lor the speakers and players witiiout the necessity of their passing through the audience. 
An sleetrie plug riiould be installed for stereoptioon and moving picture lantern, a moving picture booth and a 
sterecpticon curtain. Airtingemeats should be made for darkening the auditorium in the da;^me. 

Where the auditorHun is used for study* lecture, or recitation purposes, several rows of seats in front ehould 
be provided with feikUng tablet arms so implls can tiJEc notes or write. Bhrery other seat should be thus e(|uim»ed* 
leaving the Intermediate seats for the pupils* books, etc. 

Where the corridor extends along either side ol the auditorium, openings can be out through the wall and serve 
as an overflow space for ^ audience during commencement and other times. These openings should be alesed 
with bbsswe iflass windows so that the auditorium can be used and view from eorridors out off when desired. 

99 * dssttklsal Laboratory*— LoeMion .—Usually on top floor, eorner room, bilateral lighting. 

^900 to 1500 sq. ft. for large sci^ools. 
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Jfilgtitpwcni.—“Three long chomistry tables accommodating four pupils on each side, or total of 24 pupils. Fume 
hoods with special ventilation, and chemical storage clcHiets against walls. Gas and water connection at tables for 
each pupil, also sinks at ends of table and against walls. Electric connection to each table. Blackboard and cork 
display board. 

In connection with chemical laboratory should be a small instructor’s office, a chemical stock room, and a prep¬ 
aration room. 

00* Physical Laboratory.---Loeiaft<m.—Usually top floor auid adjoining chemical laboratory. 

Size. —1200 to 1600 sq. ft. for large schools. 

Equipment. —Six physical laboratory tables accommodating two pupils on each side, total of 24 pupils. Elec¬ 
tric and gas connections at table for each pupil. Provision for different kinds and voltage of electricity at each table 
usually obtained through motor generator, set, and switchboard with proper instruments. Closets for instruments 
and equipment. 

A store room for apparatus, a preparation room, and a photographic dark room equipped with sink, should 
adjoin and be part of the physical laboratory. 

61. Combined Physical and Chemical Laboratories.—In schools where classes are small it is possible to com¬ 
bine the physical and chemical laboratories by equipping with combination furniture. At one end of room can also 
be placed an instructor's demonstrating table with tablet arm chairs in front of same, thus eliminating the science 
lecture room. 

66. Science Lecture Room.— Location. —Adjoining or between chemical and physical laboratories. 

Size. —Depending upon number of pupils in science department, usually large enough to seat two classes. 

Equipment. —Tablet arm chairs on raised platforms, instructor's demonstrating table in front of room, with 
water, gas, and electric connections, fume hoods, stock cabinet and blackboard back of demonstrating table, stereop- 
ticon electric outlet and stereopticon screen, also provision for darkening room in daytime. 

66. Biological Laboratory.— Location. —Adjoining other laboratories on upper floors unilateral or bilateral 
lighting with one side southern exposure if possible. 

Size .— Area of about 1200 to 1500 sq. ft. and accommodating 24 pupils. 

Equipment. —Fiat top tables and chairs, large soapstone sink, aquarium, exhibition and storage cases, instruc¬ 
tor’s demonstrating table m front of room. If school has a conservatory, it is located in connection with this 
laboratory. 

64. Bookkeeping Room.— Location. —No special requirements. 

Size. —Equal in area to 1200 sq. ft. or more, depending upon number of pupils to be accommodated. 

J^< 7 utpincnf.-—Individual bookkeeping or commercial desks for each pupil, store closets for stationery, school 
bank enclosure located at one end of room. 

66. Typewriting Room.— Location. —Connecting with bookkeeping room. 

Size. —About same sise as bookkeeping room. 

Equipment. —Individual typewriting desk for each pupil, cases or closets for storing stationery, wash basin for 
washing up after changing typewriter ribbon or cleaning machine. 

66. Stenography Room.— Location. —Between and connecting with bookkeeping and typewriting rooms. 

Size, —Same as a recitation room, or one-half to two-thirds of a class room unit. 

Equipment. —Tablet arm chairs for pupils. Clear glass partition between this room and typewriting room so 
teacher can teach class in stenography and at same time supervise pupils practicing on typewriters. Commm:ial 
arithmetic, business law and customs, etc., also taught in this room. 

67. Cooking Room.— Location. —Upper floors preferred although often placed elsewhere. Southern exposure. 
May have bilateral lighting if a corner room. 

Size. —May consist of one room where all grades are taught, or two rooms—one for elementary cooking and 
one for advanced work, usually accommodates 24 pupils at one time and should not be less in area than 1200 to 
1600 sq. ft. 

Equipment, —Flat tables with small individual gas stoves on top, or family sise gas ranges, sinks, tables and 
cupboards when operated on the "unit" plan. Wardrobe for keeping pupils’ caps and aprons, dressers, sinks, ice 
box, hot and cold water supply, pair of laundry tubs for washing out tea towels, etc., also storage closet. Special 
attention given to ventilation of room. 

66. Model Apartment.— Location. —Connection with cooking room. 

Size. —May consist of only a dining room or in more elaborate building, a complete apartment consisting of 
bed room, bath room, kitchen, and living room. Should be of similar sites and arrangement to rooms found in 
pupils* homes. 

JSgufpinenf.—Furnished complete same as rooms in private dwelling. 

66 . Sewing Room.— LoeoHon .—Preferably adjacent to cooking room. 

Sire.<—Equal in area to 1200 or 1600 sq. ft. depending on number of pupils. 

Equipment. —Flat top sewing and cutting tables, usually accommodating 24 pupils; sewing machines, wash 
basin, pressing tables and electrio irons, cabinet with individual drawers for pupils' unfinished work. Curtained 
off aloove, or small room to be used as a Fitting Room. 

76. ]:4iiiadiT*-^L(>Gd^ connection with other rooms of household arts department. 

Site.—-Equal in area to 750 to 1200 sq. ft. 

E^ridpmsnt .—Laundry tubs, steam olothee drier, ironing board, and electric irons. 

tl. Ltttmii Room turil Ritdi#ti.-----LccoSKen.—Moy be on lower or upper floor adjoining housriiold arts 
dcpotitniont. 

4iim<>T^Oepeti<li on numbsr of pupUs to be accommodated at one timet Allow 10 sq. ft. per ritting in lunoh room. 



772 


HANDBOOK OF BVILDlNO CONSTRUCTION 


[S«c. i-72 


—0|Mrftt«d on Cnfoterin** or'' Belf-servioe*’ plan. Flat top lunch tablcc seating 4 to 8 eaoh» serv« 
tng counter at one end of room* Kitchen in connection with this room to be of siae and eqnipnieiit sufficient to 
take care of number of meato served. 

There is a tendency toward the use of the lunch room for other school purposes. A lunch room of oonsiderable 
siae* which is used only an hour and a half or so each day is rather expensive. Where economy is necessary and 
adequate light available* and where the kitchen and serving counters are properly closed off^from the main room* 
the lunch room space with its fiat tables can be used for miscellaneous school purposes, such as additional study 
space, recitations* miscellaneous conferences, etc. 

TS* Study Rooms.—i^urpose.*—Occurring in high schools which are run on departmental plan and arc to accom* 
modate pupils having no recitation during a certain period and whose home class room is occupied by another class 
at recitation. 

Loeatum ,—Central and easily accessible from hll parts of building. 

8ige ,—Aooommodating 35 to 100 or more pupils depending upon stse of school. 

Squi-pwent, —Pupils* desks like those used in standard class rooms. 

73. Music ]>epartment.— Location, —Should be isolated so noise of practising will not disturb pupils at recita¬ 
tion or study. 

Sise.—May be several rooms* for choral work, orchestra, band, with several practice rooms, depending on how 
comprehensive a music course has been developed. 

Kcutpi»e7it.~«Ordinary class room with chairs and music racks, blackboard for writing music, piano, and storage 
cases for music and instruments. 

74. Bicycle Room.— Location. —On lower floor witn incline leading to entrance door from outside* near looker 
rooms if such are included in building plan. 

Stas.—Depends upon probable number of bicycles used by pupils. 

Bguipment .—Hacks against wall and elsewhere in order to accommodate as many bicycles as possible. 

73. Store- and Book Rooms.— Location. —Within easy access of principal's office* stock closet in principal's 
office for day-to^ay supply* while store- and book room accommodates bulk supplies. 

73. Teacher*s Rooms.— Location. —Easily accessible. 

Stts.—About one-half a class room in area. 

K9miment.—Comfortable* furnished like a sitting room, with table* chairs, rug, couch* etc.* also toilet room 
connected. Qas outlet for stove, dresser for dishes, and provision make so teachers can nave hot lunch. Individus I 
steel lookers for teachers* cloaks, unless provision is made to care for same in class room. 

77, Medics] Inspection Room.— Location. —Adjoining ot near principal’s office. 

-Area of about 300 sq. ft. divided into waiting room and office. 

Squipmentr^FlAt top desk, chairs, scales, wash basin, toilet, first aid cabinet* and small stock closet. Walls 
and woodwork, enamel, painted white. 

73. Dental Clinic Room.— Location. —Near medical inspection room and near minor entrance to building if 
used by pupils from other schools. 

j3tse.—-Arsa of about 300 to 400 sq. ft. divided into waiting room and office. 

KqiMpmsnt,*—Dental chair, instrument and medical cabinet* wash stand* desk* chairs. Wall and woodwork, 
enamel, painted white. 

79. Manual Training Rooms (Woodwork).— Locatiom--^ln basement or on lowest floor* comer room preferred 
with bilateral lighting. 

jSsm.—A rea about 1200 to 1500 sq. ft. 

Equipment. —Usually 24 work benches, large soapstone sink* gas outlet for glue pot, blackboard and cork dis- 
Xklay board, raised bank of seats for demonstrstion purposes* smsU room or rack for wood stock, small lockup room 
or ^Qsst for tools, etc.* teachers* closet* floors of wood, ceiling plastered, walls plastered or exposed brisk painted. 

30. Open-air Class Room.—‘Xocarioa.—On top floor of building* preferably a corner room, with windows on 
two sides. Sometimes adjoining roof which is used as a play* rest, or study spaoe* and covered with awning in 
summer* 

Site and Equipment —^About 750 to 1000 sq. ft. area with adjoining dosets for storage of reclining ^bairs and 
btaukets, small toilets for both sexes. Also small room used as diet kitohen* with refrigerator, sink, gas stove, and 
eupboards. Windows arranged to open 100 % and room protected from driving rains, while windows still vsmain 
eiWBi. Desirable to arrange beat and ventilation so room may be used for regular slass room if derired. 

BL Adodnistratien. Offices. 

31o. Board of Bdueatlon Room.—jDceatton.—Nearby and easily seoesaible from secretary's office and 
supsrinieiidsnt of sebod's office on main floors of building near entrance. 

B^ka-'^Depends upon number of members of Board, aiss of sohool system, and amount of riokim aimitalle. 

long board table and also chairs for pulflic, and newspaper repressutativsa. Tcffiet room 
aeesia|Me and provisioiMi for takmg oars of n^bers* rioaks. 

ilk. of Seboel's Office^—Zooariwi.--Nsir main entrance and Booid of ffiducatioii 

room. 

tgpon rise of sohool system. Should be an outer or olsrk's ofltoe, and inner private afliec. 
Board ol BdueariOtt room somerimee serves ae soperiatendent's private office as w«B a« Board room, 
up with office ftindtnfe. 

•Is. feorat^ of Board of enperiittioident^^offiee and Beaiirt 

g|ss jnanS uurin entMsioei* 
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Eq^ipmeni,^Fit%9d up with office funUtiirc induding »large safe or built-in fireproof vault for reoords. 

9%d, Priodpal’c Office*—-£ocafion.—Near visitora' entrance to building on main floor. 

iStte.— Area of 800 to 400 sq. ft. and should have an outer or pubUo space, and an inner private office. 

Bgiapment ,—^Fitted up with office furniture, also ample supidy closets and toilet facilities. 

Provision should also be made for night school principal and truant Officer. 

88* Rest or Hospital Room.*—‘LoeolfoA.—Some secluded and quiet place. Also advantage to have near teach¬ 
ers’ room. 

Site ,—About 300 sq. ft. area. 

Equipment. —Chairs, table, couch, medicine cabinet, toilet facilities. 

•8. l^ygrounds*—^Larger play space is being insisted upon. Space around building should not be less than 
200 sq. ft. for each pupil accommodated in the building. Surface shotild be of rolled clay and sand mixed, which 
will drain quickly mid easily after a rain and not be muddy. Proper playground equipment is desiraHe. 

84. School Gardens.—Adjoining the playground should be space for a school garden, laid ofif in plots for each 
class and pupil. If we are to make our future dtisens appreciate the farm and its importance, we must stir up the 
PuihI’s interest in growing things by the actual experience of having part in raising something with his own hands. 

85. Flagpole.— State laws require generally that an American flag shall be displayed on a proper flagpole when 
Bohool is in session and on legal holidasrs. The flagpole is therefore usually included in the building contract. It 
is better located on the school grounds rather than out of a window or on top of the buildings where it is bothersome 
to get at. On the ground it can be used ss a rallying point, and at certain times the entire school lined up around 
it to salute the flag. The flagpole can be given a little dignity by a proper base of iron and concrete seat around 
same, rather than simply embedding it in the ground. Flagpoles are usually of wood, 40, 50, 60 or more ft. in 
height. Steel flagpoles are used in some cities with success, but care should be exercised to give them some diam¬ 
eter and not have them look like pipe stems. 

88. Fireproof, Semi-flreproof, Fire Protection.—Needless to say, every effort should be made to have our new 
schools fireproof. Semi-fireproof usually means masonry outside walls and corridor walls, with fireproof floors 
in corridors, over boiler and manual training rooms, and fireproof stairs. The floor construction in class rooms 
and roof construction are in this ease of heavy timber. The first essential is the safety of the life and limbs of the 
children. To this extent the semi-fireproof building is practically as safe as a fireproof one, inasmuch as a school 
building can be emptied within 2 min. if properly designed and frequent fire drills are held. There is an economic 
loss in a fire, that we shoiild try to eliminate, and fireproof buildings at slightly higher cost will accomplish this and 
at the same time cost less for maintenance and insurance. All schools should be equipped with fire alarms, fire 
standpipes and hose, also chemical fire extinguisher, all of which should be frequently inspected and kept in good 
working condition. 

87« Bquiptnent Xroyout.—In connection with all the special rooms in a school, the equipment and furniture should 
be carefully laid out to scale as the plans are drawn. These equipment layouts for the special rooms should be made 
in consultation with the superintendent of schools and the beads of the various departments interested. Only 
in this way can rooms of proper sise be provided and the outlets for plumbing and electrical work, etc., be properly 
located. 

68* Future Bnlargcmciits.—Provision for future enlargements of the school building should bo planned at the 
time the original drawings are made and arranged so that a minimum amount of changes will have to bo made when 
the enlargement is constructed. Special attention should be given the boiler room* where space should be provided 
for extra boilers and other mechanical equipment in the original building. 

88* Standardismtioii.—Most cities where an architectural department is maintained to design all the schools, 
or where schools arc constantly being built, have standardised their requirements and embodied them in book 
form for use in designing future building. The standards of Boston, New York, and Pittsburgh are examples. 

In order to determine upon school building standards whiob were acceptable to the country generally, outside 
of the large cities, the National Education Association had a Committee on School House Planning prepare a report 
in 1925. This report can be obtained at the National Education Association's headquarters in Washington, D. C., 
and eontains many interesting facts. 

OFnCB BDILDINOS—ECONOMICAL PLANNING AND GENERAL DESIGN 

Bt Fbederiok Johnok 

M. StetonMnit of Sie Problem.—The planning of an office building is entirely a problem of 
eeouting a suffioicnit amount of good light floor space on tiie site selected so that the set inoome 
wffl be ittcge enough to make the investment on the land and bu il d in g profitable to the owner. 
Ibe moot be auoh that the space can be divided into small or large offices to meet tho 
topaatR* iwiuinmonbl. To make thw poesible the elevators, smokestack, inpe and wire diafta,* 
ant^ along a de«l or alley wall so as iK>t to use rood fight space that 

cam be loote ntoStablv used for offices. A very determining point in the locatkmof thei^vaitoni, 
etaini,a4iS.,»the entrance from the street. While it may be to the advantage of the offioee to 
eeter’tbe bulMlii^ M the main street, it must be borne in mind that space thus tatoi fw vesti> 
bote bee a very hi^ rental value as store eqpacc. In cofu^ering the {flim, it is 
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quite safe to say that the rental space in the basement and in the first and second fioors will be 
used for stores, a bank, or by an insurance company. The rental of these three fioors should 
be enough to carry the investment. 

In regard to the number and size of elevators to be installed, see chapter on Elevators” 
in Part III, 

91. Toilets.—In the early office buildings erected, a large toilet for men and one for women 
were arranged on the top floor, but as this space was light it was too valuable. After that the 
toilets were arranged on the light court side on one of the lower floors. In some of the latter 
types, smaller toilets have been arranged on each floor. This is more desirable from a tenant's 
point of view and saves on elevator service for the building owner. In this scheme, a main 
toilet for men should be provided on one of the lower floors near which the barber shop can be 
located. A main toilet should also be provided for women and a small rest room should be main* 
tained in connection with it. These main toilets will serve for the stores on the basement, first, 
and second floors. In the smaller type of office buildings, it is well to provide small toilets for 
men and women on alternate floors. When this is done, a small urinal toilet should be provided 
for men on all floors. 

92. Pipe and Wire Shafts,—Pipe and wire shafts should run continuous from the basement 
to the top story. They should be conveniently located and accessible for repairs and installa¬ 
tion of new work. In addition to the main pipe shaft, a number of smaller ones shoukl be built 
so that lavatories can be placed in each office or suite of offices. A great deal of care should be 
taken in locating the wire shafts so that the conduits for each floor can enter the shafts without 
difficulty. If it is possible to have two wire shafts, one at each end of the building, it is well to 
do so as this will reduce the length of the home runs in the wiring and consequently reduce the 
cost of the building. All pipe and wire shafts should be enclosed in tile and have all openings 
protected with metal doors so as to reduce the fire risks. 

93. Floor Finish.—In the office sections, it is customary to use a maple floor on sleepers. 
The top of the floor should be at least 4)4 above the top of the floor construction, so as to 
give sufficient space for runs of pipe and conduits. Floors in corridors and in toilets should be 
of marble or tile. 

94. Wire Molds.—Wire molds of ample size to conceal telephone and A.D.T. wires should 
be provided in the corridors, as these wires are constantly being changed. They can be run open 
in offices, although they are often concealed. 

99. Type of Construction.—All office buildings should be of fireproof construction. The 
particular type of construction depends largely on the height of the building and the condition 
of the steel market. It is safe to say that all buildings 10 or more stories in height should be of 
the skeleton steel type with steel girders and beams, and tile arches. Buildings from 4 to 10 
stories can be built with concrete columns, girders, and joists with tile fillers. The low live load 
required for buildings of this class make it rather uneconomical to construct them with concrete 
floor slabs, as by so doing the dead load is increased beyond the point of economy. 

96. Arrangement of Oflices.—For high office buildings in large cities, the arrangement of 
an outer and an inner office has been found to be the best from a rental point of view (see Fig. 
23). If two or more tenants desire to have offices together, the dividing partitions between the 
inner offices can be omitted, as shown in Figs. 24 and 25. By this arrangement the tenants' 
expenses are decreased since the same telephone switchboard and stenographic force Can be 
used jointly by the tenants. In the new four and five story office buildings that are now being 
erected in the smaller cities, the inner office is not considered a desirable rental feature due 
perhaps, to two reasons: (1) the office force for this class of tenants is smaller than for tenants 
in larger cities; and (2) on acooimt of a small rental value, the maintenance on this waste space 
greatfy reduces the net profits on the invesment for the owner. 

Oae etiisr fesiute la ^oe pliioituaa Is the armagemsat ot oMem required by doctors. As it is very 

imdeeirslde to tfledbesfe a pafient thnaich a general reeepfioii m>m, gn inaer passage ooaneetiiig to the outer eor- 
ddor sheidd be provided, as dastrated ia Fig, 26. la offiee bufidtags oeeuided by doetort and dea^sts, provMoas 
ehodid slso be Mde for laboratories, and dark rOoap iof X-r^y work. A space should also be smaged for a drag 

—■ i ■ 



Fia. 23.>~Single suite of Fio. 24 —Double suite of Fig 25 —Triple suite of 
inner ana outer offices. inner and outer offices. inner and outer offices. 


Fio. 26.—Doctor’s 
suite of offices. 
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Office &eqiiirc]iients.*-lh addition to the ceiling outlet, every office should have 
base jdugs for desk lights and fans. A lavatory with hot and cold water should be t>rovided 
in each suit© of offices. These are sometimes concealed with a double wardrobe, oiue^half for 
the lavatory and the other half for clothes. The tops of these wardrobes should be left open 
w permit a free circulation of air. For doctors and dentists, it is also necessary to provide gas 
outlets, and compressed air. Lavatories in these offices should be of the pedal control type. 



Fio 30.*~-Typical plan of 4 or S-story office building on comer lot Entrance on main street. 



Eiq. ai.—Typical plan of 4 or S-etory office building on inildo lot. 


W. Stmy Bdlfhtt.—SSnt and aeocod story office buildtncs vary, depending 

ttpcm Oie tequiramento tin tonante. If tliefi^t«ro floors sin tjaed for «torai,tl]n find story 
can be Itotn 16 ft. fl in. to 17 ft. 6 in.*, Ote second atoty height foam 12 ft. 6 in. to 14 ft. 
and the totHtoi 11 ft. 6 to. to 12 ft. 5 in. 

M. G« eral Plan.—An office biniding on a comer lot natoraHy givee the pMunmnm nmaber 
of fiifol oPkms. If lot haa a gfoater width toaa 60 ft. for a hi|^ bnfldtog, a oowt to 
we sto aor ^ ffiar tour htoBffitoP to stoaltor etototr» «to«4 it nsawaiy to tototor Hmni 

.Hbt |%.|riacMnaidanideinedto»'totol^(to8MiMiildi^ $|ffg.t6 
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28 a pliui of a high building on an indide lot. This scheme peimits only a tew offioes on tine street 
front while the greater portion of them are on the li^t court. 

In Fig. 29 is a plan of a low office building on a comer lot with the entrance on the side near 
the alley. Fig. 30 is a plan of a low office building on a comer lot with the entrance on the 
mam or more important street. In Fig. 31 is illustrated a plan of a low office building on an 
inside lot. 

100. Column Spacing.—^The column spacing is determined by the width of the office 
required; the width and length of the lot for equal spacings; and the necessity of using economi¬ 
cal sizes of steel beams and girders. A spacing of about 19 ft. has been found to be very good 
and permits two offices 9 ft. wide in each bay. 

101. General Design.—^The architectural treatment of the exterior is a problem in which 
cost and available material are important factors. In a general way the exterior design may 
be treated as a flat wall surface with terra cotta or stone cornices; or it may be designed with 
strong horizontal bands at the window sills and heads; or it may be treated with vertical piers 
with a Gothic effect. If the amount of money at hand is small, it is well to treat the main body 
of the building in a very simple dignified manner and only use ornamental molded stone or terra 
cotta to mark the entrance to the building. The question of any particular style of ornament 
to be used is a matter of individual taste and opinion. In the designing and detailing of the 
ornament a human interest can always be worked in so as to give the building distinctive 
character. 

PUBLIC COMFORT STATIONS 
By Frank R. King 




The term public comfort station denotes a structure planned for the convenience of the 
general public, in which the use of sanitary toilet facilities constitutes the principal service 
rendered. It is generally 
desirable to maintain rest 
rooms in connection with 
them. A public comfort 
station may take the form of 
a privy or an inside toilet 
room with washing facilities 
—^the type depending upon 
the size of the community, 
the availability of water and 
sewerage connections, and 
the amount of funds at dis¬ 
posal for the purpose. San* 
itary equipment of only the 
highest giiMie should be em¬ 
ployed, inasmuch as constant 
public use makes the wear 
and tear more injurious than 
in the average toilet room. 

As these stations are for 
the public’s benefit, provision 
for thdr erection and mnjn- 
tanance ihould be regarded 
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dtdt eisvottoi* CtMTClmoHen 

Fro. 82 -—Comfort station of the independent building ^rpe, equip 
wateiP-iluBhed tonvenienoes. public water and sewer connections bm^jav 
or, siistiiis condiUens nerimtUng, j^vate systems Heating | 

ment plant or from aojoiniiig buudmg. 


as % |»il>]ie funotionr o^tported by the funds of tbe stot« or municipality ooneemed. ,)9u<di 
funds may bs zaiwd by dkeot taxation or bond issues. 

fnH - and Opsim(iaib~TiM maximnin sueeess of public comfort stations depends 

laisdl^ «pen tibefr eobteal loeatioa, wUeh means should be esfsbiidied in the mote non* 
^^teddliiCiiotsoBd whew ihey ate eas^ SVw the viewpoint <rf eoonomy, ease of 

OoSOiW, and oeotml j^tkrn, existing piiblk* buildings usui^y afford desirable tites for eetabli^. 
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Front Elevation 


5>de Etevotion 


Fiq. 33 —Small comfort station and rest room housed in a separate build¬ 
ing equipped with water^flushed toilets and heated by a hot-air heater, steam, 
or hot-water system. 


ii&g fsomfort stations. Th\is a mimicipaUty may utilize a court house, municipal building, 
school, fire, or police station, library, public market, or similar building. Other suitable sites 

are public squares, parks, 
playgrounds and bath¬ 
houses, cemeteries, band¬ 
stands, and bridge 
abutments. Semi-public 
places such as oiling sta¬ 
tions and railroad stations 
are suitable for the pur¬ 
pose, and in some cases 
they may be housed satis¬ 
factorily in connection 
with other places of busi¬ 
ness, such as stores or 
similar mercantile centers 
(Figs. 36 to 43 incL). 

Another course open 
for communities, especially 
cities, is the erection of 
public comfort stations in 
the form of substantial, 
permanent, and artistic 
structures independent of 
existing buildings. There 
are possibilities for the de¬ 
velopment of this type of 
station as real municipal 
centers for public convenience. Following successful experience in many largo cities, they 
may be made to pay, in part at least, the expense of operation through concessions, such as pay 
telephone booths, parcel check stands, vending machines, shoe shining stands, newspaper and 
magazine privileges, and counters 
for the sale of souvenirs, post¬ 
cards, toilet articles, towels, soap, 
and auto conveniences. Primar¬ 
ily, however, the public comfort 
station should be regarded as a 
free, pvblic institution, with toilet 
and washing facilities open to 
everybody, and the auxiliary fea¬ 
tures mentioned should in no way 
be allowed to supplant this free, 
public use nor to change in the 
slightest degree the public char¬ 
acter of the stations. 

Obviously, imblie comiori stationi 
ftbould be lor and sopendaed by 
rostdar attendanta, clothed with ade¬ 
quate aqthmity to ^nfane obedieaoe 
to an ndee and resulatioiie tovemins 
use of the faeditiei. 

The development oi the ptibho oomfort etation movement undoubtedly will wHnem the eetabtishment of many 
ftiatlotte aldng imbho hiidtwaye for the convenienoe of the travelins public. This may wen Involve mhidiit the hlth*^ 
oqmfpri atatinii an integral part of the public Idshway eystem and umiuc the highway y>atr<4 man ae the vare^ 
takdt or the etation. 



Fiq 34 —Floor plan of oomfort station. 









StBriiona tomi not only be well located, but to serve tbiar function beet, should bo marked with plBinness. 
Higns should be dear and unmistakable and prominently placed, and yet be modest. The standard public comfort 
station sign (Fig. 44) is recommended for universal adoption. Like the red cross and the skull and cross bones, this 
symbol will convey its meaning wherever found. Once well fixed in the public mind, it should signify service, and 
imply a full degree of comfort, safety, and sanitation. The emblem was adopted by the American Society of 
Sanitary Engineers, June 4,1012, as a universal public comfort station insignia. It is now used extensively through¬ 
out the country. 

108. Submission of Plans. —Before proceeding with the location, design, and construction 
of a public comfort station or rest room, plans and specifications should be submitted for 
approval to the State Board of Health or other state or local authority vested with such power. 

104. Supervision of Construction. —After 
approval of plans has been obtained, construc¬ 
tion should proceed in accordance with the 
established regulations, and no changes in 
such plans should be made without per¬ 
mission from the proper authorities. All such 
work should be subject to inspection by the 
official authority. 

106. Adequacy of Toilet and Washing 
Accommodations. —Toilet accom modation a 
to serve the needs of the community depend 
for their adequacy upon local conditions, so 
that no definite rule can be laid down. Infor¬ 
mation available, however, indicates that 
under nonnal conditions at least, there should 
he one closet for every KXX) females and at 
least one closet and two urinals for every 1000 
males in the community, assuming that the 
population, or the number deemed likely to 
frequent the station, be divided in the ratio 
of 40% females and 00% males. 

Certain municipalities or resorts where there are 
frequently large gatherings naturally need more 
accommodations than placea where the people do not 
fluctuate or assemble to much extent. In the lack of 
definite information, therefore, and because of pos¬ 
sible changes in the development of communities, pro¬ 
vision always should be made for increasing the sise of 
the building or room and for installing additional fix¬ 
tures should the original accommodations become 
inadequate. Fio. 3fi.—Comfort station equipped with chemical closets. 

Based on present knowledge, places under 

5,000 population need from 1 to 2 stations 
5,000 to 10,000 need from 1 to 3 stations 
10,000 to 25,000 need from 3 to 5 stations 
26,000 to 50,000 need from 5 to 8 stations 
50,000 to 100,000 need from 8 to 10 stations 
100,000 to 400,000 need from 10 to 30 stations 

The ntunber obviously is dependent upon the area covered by the city and other conditions. A numbiw oi smfth 
stations are preferable to one large one. In some iiuitanoes filling stations and similar places may reduoe this to a 
lesser number. 

Baeb oomlcrt station should be equipped with adequate washing facilities. There should be at least one lava¬ 
tory for every five fixtures (doseta and urinals), or fraction. One lavatory for every two or three fixtures 
is reeoxnsnended. 

entrauodfi to tiie toilet roonus ehouM be properly eepuroted by 
eeroene or otbetroemifi wid wherever possible should be at least 20 ft. apart or odietwise !lo()ated 
vritb due regard to.privaoy for users. 
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lOf. Caifbna SIga R#qtd»d.-~Bvwy public comfort station should have displayed m a 
conspi^oiw position the standard pubEe eoi^ort station sign. In conjunction with this embkm 
there should be placed a maik indicating women’s entrance, and one mdicatmg men’s entrance 
The uniform sign should be placed also at such other points as are best adapted for guiding the 
puhhc to these stations 


5/W 



r If) Se —Stfition housed on the ground floor m oonneotion with a heated store or other plaee of business Note 
the approaches, entrances and general arrangement 



Fici 37 —station housed in an addition to an Fie 88«*"43tetien m coimeoiion with a small store bvlldmg 
tnasUng lifacary or siimlar building or similar structure 


The signs should be of uniform design throuidiout the state and not less Uian S X 12 in m sise, exoept where 
a larger sign obviously is preferable Consistent uniformity diouM, however, be the nde The universal sifa 
eonsists of agreen eirde 5 la* in diameter on the outdde and 1 in. wi^, with a white eenter In Whieh is set a 

The body of the sign is wldte and tim herder and kiteHflg aie a daeF Iblim (Fig. 4 ^^ 


1#. V i a rt ilp i t h ia cad Ugiii—^Wbm bound vrithia » buUdingi « pubSe oomfoit iUiioB 
iJiDuld b« n ph«cd M to A&id lildit uid «ir by wfociourc (nr aicyS^^ or 0 )m diini^ upm * 
aOeet, uScy, court, or vant abaft. Evaiy aueh ymt abaft diotdd bavo a bcwiaostat tern of at 

laaad S ai4. a |dr «iua wator doaat or urbial adjaoeai tbawto, but tb* laato awwaioa of 
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The glass area for a toilet room containing one closet or urinal should be at least 4 sq. ft., 
with 2 sq. ft. additional for each additional closet or urinal. 

In addition to the windows required, each toilet room containing more than three fixtures (closets and uri¬ 
nals) should have a vent flue of incombustible material, vertical or nearly vertical, runmng through the roof, sur¬ 
mounted by a cap or hood of the siphomc type, and the vent should be not less than the following sise 

Four fixtures 8-in pipe 

Five or six fixtures 10-in pipe 

Seven to ten fixtures 12-in pipe 

If the windows or skybghts cannot be opened, vent pipes also should be placed 

No toilet room in a public comfort station should have a movable window or ventilator opening upon any ele¬ 
vator shaft or court which contains windows or sleeping or hving rooms above, except that a toilet room containing 
not more than two closets may have a movable window on such court, provided the toilet room has a vent flue ex¬ 
tending above the roof 

Except upon written approval by the proper officials, no public comfort station should be located in an inte¬ 
rior room, nor in such position that it cannot be given outside light and ventilation 

Every pubhe comfort station should be artificially lighted during the entire period the building is open for use, 
when adequate natural hght is not available, and in such manner that all parts of the room may easily be visible 


109. Size.—Every public comfort station should have at least 10 sq. ft. of floor area and 
at least 100 cu. ft. of air space for each water closet and each urinal, together with adequate^ 
waiting room area. 

110. Floor.—The floor and base of every public comfort station should be made of material 
(other than wood) which does not readily absorb moisture and which can easily be cleaned. 
Such floors should be of concrete faced with a cement, tile, or marble surface, or equivalent 
material. 

To make a concrete floor non-absorbent, the concrete and cement top dressing must be a 
dense, rich mix, finished smooth, and kept well painted. 

111. Floor Drains.—Toilet rooms of this type should be provided with a hose faucet and 
the floor graded toward a dram equipped with an adequate 4-in. trap. This trap should have 
a movable floor grate or strainer 

112. Walls and Ceiling.—The walls and ceilings should b(* completely covered with smooth 
cement or gypsum plaster, glazed brick or tile, galvanized or enameled metal, or other smooth, 
non-absorbent material. In the less frequented or inexpensive stations, wood may be used if 
well covered with two coats of body paint and one coat of enamel paint or spar varnish. But 
wood should not be used for separating walls or partitions between toilet rooms, nor for parti¬ 
tions which separate a toilet room from any room used by the opposite sex. All such partitions 
should be as nearly soundproof as possible. 

118. Partitiong Between Fixtures.—Adjoining water closets should be separated by parti¬ 
tions. Every individual urinal or urinal trough should be provided with a partition at each 
end and at the back to give privacy. Where individual urinals are arranged in batteries, a 
partition should be placed at each end and at the back of the battery. A space of 6 to 12 in. is 
required between the floor and the bottom of the partition. The top of the partitidn shotild 
be from to 7 ft. above the floor. Doors, of the same height as required for partitions, should 
be installed for water closet compartments used by women. Doors at least 24 in. high, with the 
center about 3 ft. above the floor, should be jnovided for water closet compartments used by 
men. All partitions and doors should be of material and finish as prescribed for walls and ceil¬ 
ings. Wood is not recommended; if used, it should be hardwood. 

liC Service Closet.—^Each toilet room in such stations should have a service closet, 
supplied with broom, mop, bucket, soap, toilet paper, toweling, lime or other disinfectant, and 
any other materials necessary for maintaining cleanliness and serving the public's needs (Fig. 
38). 

US* |>i^|^tcniei*~Men's and women’s toilet rooms ahouM be equipped with a depository 
so iedgpei as to make the cemtents readily removable, and of sudi material and construction 
as to enable it to be kept in a clean con<Btbn. 

ViifWfes^lfoisr Cles6^---AIlf frater dosets should be made of porcelain or vitreous 
bowl and trap should be the combined pattern in mm and diould hqid 
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a sufficient quantity of water and be of such shape and form that no fecal matter wiU collect on 
the surface of the bowl. Ail water closets should be equipped with adequate flushing rims, so as 
to flush and scour the bowl properly when discharged. The bowl should be of the heavy 
pattern, extended lip, large throatway, siphonic action type. Bowls should be equipped with 
a substantial open front seat. » 

Frost-proof closets should be installed only in compartments which have no direct connec¬ 
tion with any building used for human habitation. The soil pipe between the hopper and the 
trap must be of cast iron, 4 in. in diameter and free from offsets. This type of closet should 
be used only in buildings subject to extreme frost conditions. When frost-proof closets are 
installed, the bowl must be of vitreous chinaware or iron enameled inside and outside, of the 
flush rim pattern, provided with an adequate tank, automatically drained to guard the fixtures 
and piping against frost. The installation and tise of this type of fixture should be discouraged 
as much as possible. Under the most favorable conditions little can be said for this closet from 
a practical and sanitary standpoint. 

Urinals .—Urinals should be made of material impervious to moisture, and of such design, matcorials, and con¬ 
struction that they may be properly flushed and kept in a sanitary condition. If oast iron is used in the construc¬ 
tion of urinals, it must be enamelled on the inside of the trough or bowl and coated with a durable paint or enameled 
on the outside. Trough and lip urinals should have a floor dram placed below the urinal, and the floor should be 
graded toward the drain. Individual urinals rising from the floor, with the floor pitched toward the urinal, made 
of porcelain or vitreous chinaware, and equipped with an effective automatic, or equivalent, flushing device and 
adequate local vent, arc recommended. 

Sinks and Wasfi Basins .—Sinks and wash basins in comfort stations should be made of earthenware, vitreous 
chinaware, enameled iron ware or other impervious material, and equipped with adequate traps and self-closing 
faucets. 

Flush Tanks ,—All flush tanks or flushometer valves should have a flushing capacity of not less than 3 gal. for 
water closets and not less than 1 gal for urinals, and should be so installed that they are protected against frost, 
tampering, etc. 

Open Plumbing .—All plumbing fixutrea should b<‘ installed or set free and open from all enclosing work. Where 
practicable, all pipes from fixtures, except fixtures with inti^sral traps rising from the floor, should be run to the wall. 
It is essential that all plumbing fixtures for this type of service be of high grade, and of such design and construction 
and so installed as to be practically fool-proof. 

Piping .—Wherever practicable, the piping, tanks, flushing devices, traps, etc , should be installed exposed in 
a utility chamber, and so arranged that they are acorasible for the removal of stoppages (Fig. 37). 

Proieclion Against Frost .—All water closets and urinals and the pipes connecting therewith should be protected 
properly against frost, cither by a suitable insulating covering or by an efficient heating apparatus, or in some 
other approved method, so that the facilities will be in proper condition for use at all times. Toilets should be 
adequately heated in cold weather. Heating equipment should be arranged to permit cleaning of floors and walls. 

117. Where Water and Sewerage Systems Are Not Available. —In localities lacking public 
systems of water and sewerage, the disposal of human wastes may be accomplished as follows: 

(1) By an efficient water system of the ‘‘compressed air storage ” or “ air pressure delivery ” 
type and a proper sewage treatment tank and disposal units, as existing conditions may require. 

(2) By outdoor privies or other toilet conveniences permitted by federal, state, or local 

authorities, when local conditions make it impractical to install a water supply and sewage 
disposal system (see Part III, Sect. 4, on “Waterless Toilet Conveniences*0* 36 shows 

3uch a station equipped with chemical closets. 


FARM BUILDINGS—GENERAL DESIGN 
Bt Arthur Pbabody 

Cattle Beni.—Maaufactarers of cattle stanchions and feed and litter carriers have 
developed the mrangement of the standard cattle bam. The stalls are in two lines, the 
oftttie lAoiiig on the center aisle, by which the feed and water is distributed. In eome bams the 
cattle am faced to the outside wall, with feed alleys between the stalls and the windows. The 
etaDs are formed of concrete, pitched slightly to the back where a gutter extends the length 
of The finidied level of the stall floor should be even with the bottom ol the mm* 

flOf. Stelhi paved with cork bricks or oreosoted blocks. The block paving is hot 



784 


HANDBOOK OF BUILD/NO CONSTRUCTION 


{S6c« 4—llS 


imperative where ample bedding is provided. The etaachione and stalls are lormed oi iroA 
pipe* The fabrication of this equipment has been specialised so as to be adjustable to different 
dsed cattle. The concrete manger is formed in the floor structure* Separating partitions of 
metal prevent the cattle from robbing each other. The partitions are operated by a lever at the 
end of the row of stalls. Watering basins of cast iron are placed in each stall. These are auto** 
matic, self-filling, and are said to be non-freeaing. Feed carriers hung to overhead railways, 
and litter or manure carriers, also on overhead rails, facilitate rapid attendance on the cattle. 
The manure carrier rails are extended to a distance outside the bam so that the carrier is auto^ 
matically dtunped and returned. Hay and grain are stored on the second floor of the bam, the 
structure of which is such as to permit a hay bader operating on a rail to fill the bam nearly 
to the top. A gram mixing room, on the first story, is connected to iron lined grain bins over¬ 
head by chutes. The hay is delivered by chutes to the first floor. The silo is at the end, or 
on one side of the bam. It is from 10 to 18 ft. in diameter according to the sise of the bam, 
and from 20 to 45 ft. high. One side is closed with a series of doors connecting by a chute to the 
first story. The silage consisting of chopped com stalks or other fodder finely cut, is delivered 
to the silo by a metal tube through which the silage is blown by a powerful fan to the top. 
Just enough silage is taken out for each day's feeding. The food capacity of silos is given in 
the following table. 


Table of Standabd Intebior Dimensions of Silos for Febirng Cattle Six Months 

and Eight Months 


Number of cattle 

Tons required for 

Diameter, 

(feetl 

Heiffht 

0 mo 

S mo. 

6 mo 
(feet) 

8 mo 
(feet) 

10 

36 



28 


20 

72 



81 

80 

W 

lOS 



84 

41 

40 

U2 


16 

84 

42 

50 

__ 

■bhu 

18 

34 

47 


The silo may be of wooden staves bound with iron rods, or formed of heavy wooden rings 
sheathed inside and out with vertical matched boarding, or of vertical studs covered with hori- 
sontal lap siding bent to the circle. It may be of hollow clay tile, laid in mortar, or of concrete 
reinforced with vertical and horizontal rods. The silo, whether of wood or masonry, should 
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Th» vwiiiMoii 9 l th* o»Uie m done by % crevily eyeiem eoneiiiing ol Inlet duote entedng Utem^tdide of tbe 
waQi midway batween door and oeilinc, and disefaarsi&d into the bam near to the eoaing in front of the etoek* 
Control dampen an required. The duett are distributed at intervals of 10 or 12 ft. on the walls. The outtakr 
duets are large, and fewer In number, plaood in eueh a manner that tne air will be drawn under the atooh Orom 
front to rear. The Imtl air enters the duets near the door and passcMi in as neariy a vertioal line as potsihla to the 
ridge of the bam. A speeial form of vent eap prevents baek draft and the entranee of wind and enow. Oontro) 
dampers are desirable, but it should not be posable to close the duets entirely, otherwise the eattle wiU not obtain 
suffieient Ifesh air. 

The number and sue of the outlet end inlet duets depends on the number of animals boused. 



Ftu. 40.^Ty|dQal seetioiia showing ventilation systems and ^mensions for general purpose farm bam. 


Tbe number of eubio feet of air required per head per hour, with the average relative humidity of fresh oountry 
air at 65 % or less, is as follows: 

Cu. ft. per hr. Assumed welidi>ta per 

per head head {pouada) 


For hoitagi. 4924 1200 

FOroowa. 2968 1100 

FWawlae. 1610 160 

Fortheap. 929 100 

Forhotia. 87 3 


thaiunountaof air woiddehangemiiropiw^ , 

th* Hm al air in « aquare onttahe dqot w^ haim M Inaat an nvaraga veloe&ty of 260 ft. per min.« without 
the 0^ of'Ikoit other than that doEltwiI 'linMh the m fpn fif to bo vmtilated, 
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duct required fotr the cows, it ie only neceesary to divide the number of eubio feet of air required for 80 eows, by 
18,000« thue. 

118,600 eu. ft. -I- 15,000 7.006 eq. ft,, or 113S.5eq. in. requiring either one duet 34 X 34 in., 2 duets 24 X 24 

in. eaeh, or 4 duets 12 X 24 in. 

Stronger currents through the ventilators will be secured by making one or more larger ones than where many 
small ones are provided, and it is usually best to have as few as possible, yet not leave the impure air in distant 
parts of the barn. 

For every outtake flue there should be a number of intake flues whose combined area exceeds that of the 
outtake flue by 10 %, even in view of the unavoidable leakage of air through the walls and around the windows and 
doors. 

Thirty cows require an outtake duct of 1138 5 sq. in. area; then these cows should have an intake of 1138.5 sq 
in plus 10 % which would be 1252.4 sq in. Assuming 20 intakes, each would have to be 1252.4 4 20 •• 62.7 sq. in. 
area, or about 8 X 8 in square. It is better to have many small openings than a few large ones, because the cold air 
is better distributed, lessening drafts. All intake flues should be equipped with registers, so the air is at all times 
in control of the party in charge Intake flues may be made of galvanised sheets or wood. 

The nominal area of a register or register face should be about 60 % greater than given by this computation, 
actual areas of commercial registers are given in the accompanying tabic 


Si*e of register 

Effective area 

Sise of register face 

Effective area 

face (mchcB) 

(square inebesj 

(mebes) 

(square inones) 

6X8 

32 

12 X 12 

96 

6 X 10 

40 

12 X 14 

112 

6 X 12 

48 

11 X 14 

130 

6 X 14 

56 

6 round 

19 

8X8 

42 

7 round 

25 

8 X 10 

53 

8 round 

33 

8 X 12 

64 

0 round 

41 

8 X 14 

76 

10 round 

51 

10 X 10 

66 

11 round 

62 

10 X 12 

80 

12 round 

74 

10 X 14 

03 

14 round 

100 


A good form of ventilating flue is made of two layers of number 1 matched stuff, H in. thick, with building 
paper or deadening felt between, to make it as neaiiy as possible a perfect non-eonduotor, thus preventing rapid 
oodUng of the air in the flue. This form of construction also makes the flue air-tight, which is essential, for eve* 
hole and crack lessens the ventilating power. 

The most common and probably most suitable material for bam construction is wood. Concrete foundations 
and floors are advantageous and the oomvete walls may be earned up a few feet above the floor or to the wmdow 
sills. Above this the wood eonstruotion is started. There would seem to be no reason why the entire flnt stoiy 
and the floor of the second story should not be of reinforced concrete. In the event of fire tbs cattle miidit be saved 
by this construction. 

A plan arrangement which would store the hay in a separate building might be the means d saving a valuable 
herd. This would require a special mechanism for bringing the hay into the cattle bam. In this case the roof 
of the bam should be built to resist the eold of winter. 

110. Mffnitre Fit—^The pit for storage of manure will be concrete formed into a shallow 
tfmk. It should be covered with a roof and screened from flies. The overhead railway from 
the bam will extend through the pit so that the manure may be dumped automatioaUy. Hie 
pit i^ould be large enough to contain the winter’s produoi^n of fertiliser except what is spread 
directly on the flelds. 

IM. Horse Bstil—^F or the powerful horses used on a farm, stalb of considerable strength 
are needed. The usual t 3 rpe is formed with cast-iron or steel posts end 2^in. oak or elm plank 
sides m^ng in channel forms bolted to the posts. Concrete posts will not endure tihe effect 
of constant kicking. The concrete pavement of the stall is covered with planking formed into 
movable platforms by metal straps secured to the under nde. Elm is preferred for these plat- 
forms. Above the height of 5 ft., metal guards of the usual form are required. Where the hay 
is ebnted downi it should not be confined by the iron gratings, but aQoWed to flow freely mto the 
plmik manger. Iron oat boxes and iron edgings to wood mangers are desirable. Hie stiJb 
should be 9 ft long and not over 4 ft wide for standing horses or less ihan 0 ft. where hmm are 
foliedown. 1%e ooneieted aisles of horse barm should be left rcmghfopiwr^ Ifoep 

gsQOVfog is oldeetioiiaMe for eleanmg. Wood blook eieaaotad atittpien^tobe 

ThtiliwfodimysfofoaliofsebamdioiiUi^ 
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especially for brood mares. Harness and carriage rooms should be separated from the stall 
room to avoid the ammonia fumes. 

121. Swine Bams.— The swine bam in a severe climate should have not over 104t. clear 
height. It should face to the south to secure ample sunlight. In mild climates windows in the 
roof may supplement those in the south wall, but the arrangement is not suitable for cold 
winters. The bam is divided into pens about 8 X 10 ft, by wood partitions or iron pipe railings 
of standard type. The fronts of these are provided with swinging feed gates hinged at the 
top. A wood platform 5 ft. square is laid on the concrete in each pen for the swine to lie on. 
The building is ordinarily of frame construction, warmly built, with swine doors that may be 
closed by the attendant. Standard barn ventilation is necessary. A feed cooking kettle is 
provided in the feed mixing room at one end. The space in the roof is used for hay storage. 
Along the sides containing the swine doors, concrete platforms 3 ft. wide are extended to prevent 
rooting next to the building. 

INDUSTRIAL PLANT LAYOUT AND GENERAL DESIGN 
By Harry L. Gilman 

The design of a modem industrial plant is an important and coniphcated problem. From 
the selection of the site to the turning out of the first finished product, every step must be care- 
fidly thought out. The work should be entmsted only to an engineer of wide and general 
experience; to one who is constantly taking up and solving new problems in transportation, 
handling of materials, routing of work, power generation and transmission, fire prevention 
and protection, foundations, structures and materials. In addition to the above prerequisites, 
the engineer in charge should also have a good working knowledge of manufacturing processes 
and machinery in all lines, as this frequently enables him to approach a new problem to better 
advantage than the specialist. But it should not be inferred that the engineer himself should 
have the complete knowledge necessary to enable him to build alone any kind of a manufacture 
ing plant. In a chemical works, for instance, he must turn to the manufacturing specialist for 
help in working out processes and equipment. 

The work of the engineer in designing industrial plants is outlined in a general way in this 
chapter. 

t82. Locating An Industry.—The engineer will frequently be called upon to assist in the 
important matter of locating an industry. There are several factors which enter into the 
selection of the location of a factory, and upon which the engineer is called to report, such as 
sources of raw materials, labor, power, market for finished product, and shipping facilities. 
Paper mills, for instance, particularly those using wood, are best located near forests and on 
livers which furnish water for use in the processes, power for operating the machinery, and the 
cheapest means of bringing logs to the mill. They must also have suitable railroad or other 
transportation facilities. In general, a plant using large tonnage of raw material should be 
locat^ near the source of this material. Again, a plant requiring a large amount of power 
should be located where cheap power is available. 

Industries in whidb labor produces a great part of the value, as in ootton mills, shoe factories, etc., require a 
good labor market near at band of the class of employees deeired. For thh reason several cities have become 
large centers for special industries, as Lowell, Lawrence, and Fall River, Mass., in the textile industry; and Lynn, 
Mass., for shoes, etc. However, some of the advautages of such places as these have been loet on account of increas¬ 
ing labor tronbles. 

Other industries require an isolated location on account of obnomous or dangerous fumes, or danger from 
explosioiis; dihers require large cheap arees on account of the amount of ground covered. Faetories which eonsUnne 
eemHhilshed materials, such as dothing, printing, binding, etc., use a large portion of hand labor and are ueuiRy 
"located in tsrge cities where labor is plenty. Ordinarily in these plants the tonnage of product is not surii as to 
reqidiu the best hM | ^dg fiieUitiss. 

us. SCMdav k Sito.'^iLooal eonaideimtioiis eatering into ^ aeloetion d »into for na 
iadvirtiT tniin|»»foeaB fo<UitiM; aide teadu OB to 

IwwIhiIM' Mrf rfuptwng wfawe th» Iwimboim woKteaai'va. l^oamaolec^glnHdiltfo 
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atn]^ for iiresent aod future needs, and the site dbould be eonTenient to suitable residential 
sections for employees. This is important and many manufacturers aie investing much capital 
to provide suitable and attractive homes for their employees, with the object of reducing the 

labor turnover and improving both quantity and 
quality of output from the weU-housed, and there¬ 
fore better contented labor, with a probable reduc¬ 
tion of labor troubles. The nature of the land 
effects the construction cost of the plant. Cheap 
land requiring expensive filling and pile foundations 
is often more expensive than more costly land offer¬ 
ing good foundations. Borings and tests should be 
made and the cost of foundations investigated 
The accessibihty of pubHc facihties should be con¬ 
sidered in selecting a site; as fire and pohoe protec¬ 
tion, water, gas and electrical suppli^ and street 
railways all have a direct bearing on the problem 
and effect efficient operation. 





J0fT& 


7?7 ju „T-T-T-rr 
I andt packing | 

Shtppmg 


A plant located in or near a large city has both advan¬ 
tages and diaadvantagei It has a large labor market, but the 
labor IS not so rebable and labor troubles are moare frequent 
However, an mdustry m which the labor requirement fluctu> 
ates at different seasons is probably better located near a large 
labor market It should be noted, however, that the most 
efficient employees are those trained in the plant, living iti 
homes which they own and with surroundings whiidi induce 
a feeling of contentment, remain in g year alter year 


Fig 47--Rouungdiaijam^vitnfied grinding wheel Preparation o£ Plan8.--The engineer 

should first obtain all necessary information 
relative to machinery and processes, quantity of raw materials to be handled, and finished prod¬ 
uct to be turned out A flow sheet should be prepared particularly for plants where one or more 
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required. is the simiilesi form of flow sheet, merely showing sequence of operations. It 
is foUbwed either by a routing diagram, or by a complete flow sheet showing tentatively 
location of machinery and means of handling the material from one process to the next» as 
elevators, conveyors, gravity 
chutes, etc. In Hg. 48 is shown 
such a sheet for a crushing, wash¬ 
ing mid roasting plant for abra¬ 
sives for the Cbmpagnie General 
des Meules, Paris, France. This 
flow sheet determines the neces¬ 
sary height of the buildings, and 
from it the floor plans may be 
worked out, as shown in Fig. 49. 





□aaoDBaasi 


With tbu Sow sheet and a surrey 
of the site, the engmeer will make up a 
block plan of the proposed plant, with 
sketches from which an estimate of 
cost can be made The survey should 

include teats or borings of the soil, par- ^ ^ ^ 

tinilariy if he.vy foundation, are to be «-Pxnit door of Compwiie Oenenl D« 

built. It is of great importance that 

ooets and a general idea of the arrangement and operation shall be thoroughly understood by all parties interested, 
so as to avoid expensive changes after work is started 

185. Shipping Facilities.—Ample side tracks should be provided both for receiving and 
Hhipping. Frequently a separate siding is installed for receiving fuel; in any event this should 

UCNT 5T. 
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Shipiuiig aooommodatioiie should be worked out in oounection with the flow sheet and routmg diagrams, with 
due eonsidergtion to the kind of materials to be bandied« for instance, a foundry should have its track covered by 
a travelling or other crane unloading the iron with an eleetro-magnet, which will also serve to load the same material 



Fig 50 —Foundry of Putnam Machine Co 



51,--Kead-U<»Tlt(m Co. 

tettw<taglef |M|lanbwiifte«eite|4Ma»d«Miioe«t|ter«tM»l<MUe«Cknap^ iMm 

jeey.tfjWWrtWieeedettit 

penaft* serve botli lor shippittl gad netinng. 
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186. Type of Buildings.—The type of buildings is determined to a great extent by the 
character of work to be done, or the machinery to be housed. Plants equipped with heavy 
machinery or making heavy product are usually one story buildings; as rolling mills, large 
machine works, foimdries, paper mills, etc. (see Figs. 51, 52, 53, and 54). Heavy machines, 
erecting, etc., are located in the bays served by travelling cranes, while the light machines are 
in the side bays which frequently have a second or meszanine door, as in f^gs. 52 and 58. These 
buildings are well lighted by windows in monitors and in the high bays above the roofs of the 
lower side wings. Paper mills usually have one story and basement. The machines which 



Fio. 52.—Blake-Knowles cylinder chop. Fxo. 53.—Reinforced concrete machine shop 



iSl 


[ 

iiaiiQiiicii^isiiRaH 



csai 


icueisieui 




WiB 



_L 


Fio. 54 —Putnam machine shop—cross section. 


are up to 200 ft. in length require substantial foundations, and basements are used for pumps, 
machine drive shafts, stuff chests, etc. 

Another type of building much used for nearly all classes of light manufacturing is the one 
story saw-tooth building, which from its method of lighting, may be of any width and length. 
This type is well adapted to weave sheds of textile mills which require good lighting; in fact, it 
was originally developed for that purpose. They are well suited to any class of manufacture 
adapted to single floor operation, where heavy overhead cranes are not required and where the 
cost of land is not prohibitive. 

The machine shops sho wn in Figs. 51 and 54 haye a combination of saw-tooth and 
inomtfnr oonstruction, making excellently lighted shops of large floor area, bringing all 
related departments in close and convenient touch with each other instead of being in 
isolated buildings. The small automobile plant shown in Fig 55 is a one-story con¬ 
struction, saw-tooth roof, long span trusses ehminatmg columns, grouping all opera¬ 
tions in the several wings in such manner that all material flows through from the 
assembled parts to the finished oar. 

High or multi-story buildings are necessary where processes are continuous, so 
that material may be elevated to the top and flow by gravity from one process to 
another, as in emshing plants, flour and sugar mills, etc. Multistory buildings are 
also neoessary on expensive city land. The height of the building, unless governed 
by the reQuiremmits of the processes, will be fixed by the cost of construction or by 
the dty bufldmg laws. They are also better adapted to many classes of industries, 
as textile mills (except weave sheds), paper box, candy, furniture factories, etc. 

The cost per square foot of floor space (exclusive of foundations) does not differ greatly 
from the cost of one-story saw-tooth buildings. The total cost of each depends much 
on the foundations. 

187. Lott Bitildiiigs, XndustrUl Tanninais.—This class of buildings erected in the larger 
cities for the housing of several small industries for light manufacturing purposes, is usually 
designed without regard to any particular industry, but to give good lighting and as large and 
unobstructed floor area as possible. They are usually of fireproof construction, with la^ 
windows aii4 must have ample elevator service, stairways, fire escapes and exits to provide 
safe and easy access and egress in case of fire or panic. Ample electric lightmg and polrer 
scarvioe ahould be provided. 

ladkuittial Tirttiixua. a dmiopment d recent yenre and now in operation in eoveMl large citiee, eoneiete of 
of uamilaetiiriiig and etorage, built with the idee of giving to erneder indivIdiMl pm» 

•Hiiie fadfttiei d targeet induttrlid plante Xt hee e large centrel power plant to funueh heat, Uidit, and power 



Fig. 55.—Small automo¬ 
bile factory. 
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•t tile low«sli 6<»t to teM&ti. IMi^t etid eiqimes heiieee «re mKbteiiied* e^tii * liMve lofM ol ettt|4oyMi to 
emy tenriee reqoM. Hm buildliigi eluiald be of the moot modern fireiiroof eonetmotioiii iiwiillsr of mlbmd 
oonoretek fix to ten etoriee in height. Floor spece of aotii eren m deeired la rented to Twrioai firma idth ell faointiea 
fotniahed. The coat of inaursnoet wntohmen'a aemoe, fire proteotioa, teaming, and freight handUng are tmieh 
reduced over that in the amaUer individual plant. Some of the larger loft buildinga fumiah thia aervioe to a great 
extent. Tlieee buildinga ahould be deaigned witn high oeilinca, the greateat poaaiUe amount of window apane, and 
a width of fiO to 80 ft. The atorage buUdinga may be wider if deeired. 

Ample elevator service, both passenger and freight, wide stairways, and atreeta sufficiently wide to allow good 
lighting of the lower atomea, ahould be provided. If buildings are intended for the lighteet daaa of manufacturing 
150 lb. live load per sq ft. la sufficient, but for general purpoece loads ahould not be raatrieted to leas than 200 lb 
per aq ft The larger plants, besides furnishing tenants with electricity and heat, also furnish gas for fuel, steam, 
water, and oompresaed air, all from the central plant Naturally these terminals must be located near ample houa* 
ing area for employees and in large shipping centers 

188, Matefigls of Constractioii,—In selecting materials for construction of an industnal 
plant, liie engineer will be guided by the type of buildings required, limits of cost, and local 
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tite» or fftucoo on metal lath. It is desirable for heat insulation, as woU as to prevent 

mokture working through, to have an air space in the curtain walls. Sections shown in Fig. 56 
indicate the most common methods of constructing certain walls. Hollow dies give excellent 
insulation and may be either plastered outside with cement mortar (in which case the scored 
tiles for plastering should be used) or smooth face tile may be laid with good joints and left 
without further finish, if low cost is an object. Another method is to lay a 4*in. face of brick, 
bonded to hollow tile backing. These tiles are made from 2 to 12 in. thick. 

F« one-^tory machine shops of the type shown (Fig. 57), brick, concrete, or hoUow tile curtain walls are used 
with mtber brick or concrete piers or steel columns encased in brick. Interior columns are of steel, as are trusses 
and purtins with concrete roof slabs, or heavy timber purlins with plank roof. In buildings where sprinklers must 
be installed on account of the contents, the wood roof will be the cheaper, but in oases where sprinklers must be 
installed only on account of the wood roof, the concrete roof will, as a rule, be found the more economical. 

There are also several concrete tile and gypsum tih‘ ’ ofa on the market which are used to some extent. Re¬ 
inforced concrete is not adapted to replace the long span si eel trusses required in this type of building. A roof qpaa 
of 40 ft. is probably about the practicable maximum for concrete with 30-lt span for floors; in some cases, however, 
longer spans have been found practicable. Fig. 53 shows a machine shop 100 ft. wide, built entirely of reinforced 
concrete, of a practical and economical design. 

Brick and heavy timber buildings of the so-called **slow-burniDg’* construction, as developed in New Fn glAnd 
(adapted to either one-story or multi-story buildings), are treated in Sect. 3. 

The one-story saw-tooth building is generally built with bnck, tile, or concrete walls, and either with long span 
trusses spaced about 20 ft., or columns carrying gtrder*i and purlins and spaced 20 to 25 ft each way. Steel trusses 
of 60-ft. span, thus ehmmating two-thirds of the columns, have been found by the writer to be, as a rule, as inexpen¬ 
sive as the column type without trusses. The roof may be or concrete on steel purlins or plank on wood purlins. 

Concrete is used to some extent in saw-tooth construction but on account of complicated form work is rather 
expensive. 

129. Foimdatioixs.—Care must be taken that foundations for heavy machinery are ample 
to absorb vibrations. If vibration is considerable, as in steam or power hammers or Jarring 
machines for foundries, the foundations should be separated entirely from all building structures 
or other foundations. 

150. Floors.—Fkx)rB should be designed to provide for any future changes that may be 
foreseen, particularly if the fioors are of reinforced concrete, and sleeves should be set in floors 
where pipes, etc., are to run. Conduits should be properly placed and openings provided for 
belts, shafting, etc., properly protected. Where apparatus must be taken through floors, ample 
openings and trap doors or removable floor slabs should be provided. 

181. Lighting.—Provision for lighting should be carefully worked out, always remembering 
that daylight is cheapest and most efficient. Windows should be wide, as a rule placed about 




Fzo. 59.-H9hop with ooatiiiiioufl sash. 


4 ft Itbov^rtim door and toe tops as dose to the ceiling as possible. Ctoenstoiir 8aw<4ooto tmil^ 
ihgl Itafflid have toe saw-tooth window facing north, to avoid direct sunfiidi^ Stod eesfaee 
Whid^ toexe m now several standard md^es on toe market, diould alwiiys be ednddeied ia 
^ lisbt M«a of «teel is 80 to 90% the total miadaw ttm, 
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piexB; the other type has steel wall columns and sashes set outside the line of columns to form 
eonlinuous sashes. Artificial lighting is covered in the chapter on ^^Electiio lii ghHng and 
niuznination'' in Part III, Sect. 17. 

182. Headng and Ventilation.—^This is discussed in Part III. However, the engineer 
should use care in placing heating apparatus, to occupy as little as possible of important work¬ 
ing space. The writer has seen large heaters so located in foundries and machine shops as to 
displace several important machines, reducing the production of the plant that amount. Caro 
should be taken to see that pipes do not interfere with the operation of cranes and other appara¬ 
tus. This applies also to plumbing, compressed air, oil piping, etc. All piping and wiring plans 
should be carefully checked with structural and layout plans to see that there is no interference. 
A composite plan, locatmg all apparatus on one sheet, will assist in checking clearances. 

183. Cranes.—^Attention should be paid to obtaming the proper clearance and ample 
support for ^ cranes, monorail hoists, jib cranes, etc., and contract drawings of apparatus 
should be checked over to see that proper clearances have been allowed. Shop drawings of 
structural steel work should be carefully checked for the same reason. 

184. Conduits.—Conduits, panel boxes, and other electrical apparatus should be located 
to clear other apparatus, also to secure ease of operation and accessibility for repairs and altera- 



Fte. 60.—Flan of baaemeot, Blako-Koowles braes fouadryt Cambridge, Maaa. 


tions. Outlets should be provided wherever they may be needed. Conduits for wires may 
usually be placed in concrete floors before pouring of concrete, but care should bn taken not to 
place them where openings may be made in floors. 

188. TranigKMrtati<m.—^The handling of materials (raw, finidied, and in inocess) is a subject 
which rcQuires careful study. Handling by manual labor is generally the most costly method. 
Oonveyors should be instal l e d wherever they will displace sufficient labor to warrant 

the investment, and this must be determined by the engineer in each case. Fre<|uentiy plants 
leqiuiring continuous operation may utihae gravity for a large part of the as indicated 

by flow dbset of the Abrasive Crumbing Plant (Hg. 4S). 

Cheiuilw m ^ladlad by barimt rimtors, bdt, Mrapcr, torew ocmrayofet, els. liogi, wood, bagi, 

•ad mmSm ••• aaiidM by bilt, endiew riudn, or gmvKy oocTayoni of tmrioui ti^. ocavoyort 

oo^ptola wriw cf riow togodwr md on a riiidit pitob, oo tbat nuMerialt wiU bo ogrriod dows by tboir 

Agoodoimifoofsooirrww 

gwgosM | i^ igWiiigBwlii^latotoiyyforlbtlsit»liatteaoy^ 
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Another important labor-saving appliance is the elevating tniek, of which there are now many on the market. 
These are used in faotones of all kinds, materials in process being piled on movable platforms or racks, an devaring 
truck hacked under, the load raised from the floor and moved on to the next operation, or wherever cMred. Steel 
core oven racks built so as to be handled by these tracks have proved a very efficient system in at least one large 
foundry installation designed by the writer. 









V 

If Shomr btf^ 


Fto. 62.—‘Plan of second floor, Blake-Knowles brass foundry, Cambridge, Mass. 

Rrt BrsTtatioti and FIra ProtectioiL^ —Important oonsiderationfl in the design of' 
uidustrial plants are the prevention of fires and the confining of fires which do start to the 
smallest possijble meas. The following from a pamphlet of the Factory Mutual Insurance Cpm- 
panles are eaoelhmi rules to follow, whatever the class of building: 

^liiSrdnm pteccuioi) should bti losetad in detadied buildiiigs, or in rooms out off hm tbo remaitidor ef th# 
hsiNffidi Sthlh. rBtdkflags of Uwge area should be divided by Are VraUs, espedally wheu containing OM- 
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bustlhle materials^ in order to Umit the extent of any fire that may start. Althousb relnforoed oonorete eon* 
struction can withstand a severe fire without great damage, an automatic sprinkler system with adequate water 
supply is neoessary to protect the contents, if combustible. Sprinklers will extinguish or control most fires at the 
start and protect the building as well as contents. Buildings subject to fire exposure (outside! should have ex** 
tenor door openings protected by fire doors, and window openings protected by wired glass in metal frames, shut* 
ters, or open sprinklers, or by a combination of these, depending on character of buildings and severity of exposure. 

Experience shows that in oonorete construction, comers are a source of weakness when exposed to fire, and 
should be avoided wherever possible. The round column is the better design. 






.-j... 




B tfHFWkyfymtm-eapocl^ ft mkhna sand evmymr 
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Fio. 63.—OoBs section, Blake-Knowles brass foundry, Cambridge, Maes. 

137. Planning for Future Growth.—One very important point for the engineer to consider 
in designing an industrial plant is provision for future growth. All departments should be so 
designed when possible that they may bo enlarged at any time with the least expense and 
interference with operation of the plant. The plan of the paper board mill (Fig. 64) is an 
BjFMd example of plant design with a view to future 

• fev:_ .. ' , growth, even to four times its present capacity, 

without disturbing the present arrangement nor 

_^ \ I interrupting the operation. 

vUmJ. ll i present plant uses only waste paper stock 

f^j I and makes a common grade of “New Board,” some 

J I I wood fiber being used for liners or outside surface 

11* J I to strengthen board for making heavy packing cases. 

• I P i i “T^ I Provision has been made for a future rag house 

III preparing rags, sorting, dusting, cutting, and 

j Il* I f I j boiling, ready for the beater room. A new paper 

11, *3 i y f I machine of the Fourdrinier type will be installed 

] y\ I in the present machine building, for malang higher 

j ^ I * grade or rag papers, Provisioii is made ibr extend- 

1-J ^ j ing power house, beater zoom, a new machine room, 

^ I and fiinishing room, and in these can be added two 

Ul pi il I paper machines with the other equipment 

^ I required, of such type as wiB fill the demands of the 

IwAXlEI I market. While the present capacity is 75 tons per 

I day the additions will bring the capacity up to ISOor 
. 300tons per day,dependingon the class of machine 

Fia.«.-p.p«bo«d«»tt-4.iookpi». installed and the kind Of paper pioduoed. 

US. Poirer Piaatt.-~-The determinate of poorer requirements in general in tunui% find 
by the loeatkni of the industiy. As stated, some indnstrie* require Imge amouhlis df (Autap 
poirer and so are eated trhere water power is available, filter by inirehaie ftem A pkua 
company or by the oonstroction of a hydratdic power plant. Other plaatt, if i^te esKtemitPemr 
ff iftf&tdd, h«^ thdr own steam phmtiL and ipdny amaBer or inudenyle aieeddiMe buy 
pdfi^ini^^lddalelectti^ IWt dengn of power and l^^tiagliMdBtSM Mqdhpet^ 
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Tvk, e4.—^Paper board siiillr**blook plan. 

















careful study of power requirements; that is, amount of power required and how it is to be dis¬ 
tributed, whether by line shafting belts and gears, direct from the engines or water wheels, or by 
electric motors. In most industrial plants today electric current is distributed about the plant 
by wiring system, and machines are driven either singly or in groups by motors. Alternating 
current with induction motors is most used for constant speed drives on account of their sim¬ 
plicity and durability and freedom from sparking. For travelling cranes, hoists, and machines 
requiring variable speed drive, direct current motors are used more frequently at present. 



Fiq. 66.—1500 kw. Blake-Knowlen power Fio. 66.—-4000 hp. boiler houae. 

plant. East Cambridge, Mass 


The steam power plant for larger industnee will usually consist of water tube boilers of 300 to 600 hp., in batter¬ 
ies of two each, and with steam turbines and generators. The installation of condensing engines will, to a great 
extent, depend on the amount of steam used for heating and other purposes. In some cases an air compressor is 
installed in the power plant and compressed air piped to the buildings. Proper and ample coal storage and han¬ 
dling facilities should be installed. The usual type of power houses is shown in Figs 66, 66, and 67. 

Fxo. 66 shows cross sections of a steam power plant of 1500 kw. capacity, with 1200 hp. of water tube 
boilers. There are two 750 kw. turbines with condensing equipment. The turbines are on the messanine floor 



Fio.67.—Seetioiiof 
4200 hp. bcnlsr house 
with vertical boilers. 


which 18 served by a 5-ton travelling crane. Auxiliary machinery, with 
a 1000 c.f m. air compressor, is on the ground floor. 

Fig. 66 shows a typical boiler house with a double row of water 
tube boilers facing a center aisle, overhead coal bunker and automatic 
stokers. 

Where space is limited, vertical water tube or the Manning type 
boilers are frequently installed, as in Fig. 67, where the width has been 
reduced to 30 to 35 ft.; and even less is possible. The overhead coal 
bunker in a boiler house calls for substantial construction and the 
installation of elevating and conveying machinery for handling ooaL 

There are several types of bunkers of reinforced concrete carried on 
sted columns, while that in Fig. 67 is a steel suspension bunker lined 
with concrete. In Fig. 68 is shown a large concrete coal pocket of 5000 
tons capacity, 300 ft. long, designed to give additional storage capacity 
to the iddnt shown in Fig. 66. 



Fio. 68.—Sec¬ 
tion of a large con¬ 
crete ooid pocket. 


180* Metftl Working Industries.—^The metal working industries are probably the most 
important as well as the most varied of the industries. The industrial engineer is interested 
particularly in machine works^ foundries, and factories producing metal goods from the semi¬ 
finished Machine works are usually housed in a group of buildings, each one designed 

ospeoinlly for its particular department. The iron or steel foundry is practically always in a 
onCHitory with one or more bays or aisles of sufficient height to contain traveling cranes 

Idr heavy ladles and castings. There should be sufficient clearance under the 

crane hook io allow of turning the largest fiasks to be used. The melting department is usuaDy 
in the center of a side bay with a charging floor at the proper height for charging the cupola. 
%ndry budding should be of fireproof construction, and provide for ample light and 
tq reipoye troublesome fumes and smoke. 
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140, Foundiies,—Much of the manual labor formerly required in foundries has been dis¬ 
placed by modem machinery and appliances. Molding machines are made suitable for pr^ti- 
cally all small or moderate sized work; in fact, the writer has installed turnover molding machines 
up to 44 X 56 in., and large sizes are made and used successfully. Jarring machines may be 
installed up to 10 ft. square or larger, saving much labor, and allowing of a greater tonnage 
production per square foot of molding floor. Careful study should bo given the problem of 
handling materials. In iron and steel foundries the pig iron and scrap should be stored where 
it is easily accessible to a travelling crane with electro-magnet, or other means to place the metal 
as required directly on the charging floor. 

In the Putman Foundry (Fig. 50) a gantry crane serves to unload metal from the cars to 
pile it in the yard, and also to load small dump cars on the cupola charging floor. Coke is 
handled by the same crane with a grab bucket. Molding sand should be stored where it will 
require the least amount of shovelling and wheeling. A mixing, tempering, and screening 
machine should be installed, where it may be used for screening the used sand and mixing new 
and used sand in proper proportions. Conveying machinery will usually be found a good 
investment for handling the molding and core sand. The economical handling of sand is 
illustrated in the plans and description of the Blake-Knowles Brass Foundry (figs. 60 to 63 
inclusive). 


An allotment of apace for the varioua departments of a foundry will be determined by the oharaoter of the 
work. Metal and fuel storage is usually outside the building, if the metal is iron or steel, and as stated before, con¬ 
venient to the cupola and furnace charging floor. Brass and other costly metals should be stored where only the 
furnace man or other authorized person has access to them. The melting department should be placed botn with 
reference to the storage of raw materials and to the handling of molten metal to the molding floor. For heavy cast¬ 
ings the cupola should be so placed as to run the metal into a ladle held by the travelling crane which will carry it 
directly to the mold. 

Usually the heavy molding is done in a central bay which is served by travelling cranes for handling flasks and 
metal. The light work is usually done in side aisles or bays which will be equipped with such molding machines 
as tne character of the work demands. The side bays should be served by light travelling cranes or monorail 
system. 

The core shop, with the core ovens, is usually located in a side bay or wing. It is well to so locate the core shop 
that the ovens may include one or more large ones directly accessible to the main molding floor, for drying out large 
loam molds. The core shop in the Blake-Knowles Brass Foundry (with core sand mixer in the basement, and ele¬ 
vator bringing the sand either to the first floor or to the women's core shop on the meszanine floor) is well arranged. 
In many oases a separate core shop for small cores to be made by women has been installed with good success, as 
in the one noted. Ample core storage and pattern layout space should be provided, convenient to the molding 
floor. 

Toilet rooms, ample and convenient, with lavatory and shower bath equipment, are important and are re¬ 
quired by law in some states, as are also individual lockers for the men. 

The cleaning department is the one most frequently neglected or insufficiently provided for. Its siae and 
equipment depend much on the class of work done. One or more sand blast rooms are required, and jKrovision 
should be made for handling heavy pieces. This department should be located nearest to the machine shop, as 
castings are usualiy taken directly there for finishing. 


X41. Machine Shops.—The design of machine shops depends much on the character of 
work to be handled. Shops producing heavy machinery should be one-story buildings served 

by travelling cranes, as in Figs. 51, 52, 53, and 54. 
fig. 51 shows a complete plant, producing coal and ore 
handling machinery of the heaviest type. Themaohine 
shop of this plant is 215 ft. wide, with five bays, three 
of which are served by travelling cranes* All machine 
tools as well as erecting, finishing and shipping depart* 
ments are in this building, tracks into the building 
bringing in castings and shipping the finished machines. 
The building is lighted by large steel sash in walls, 
monitors, and saw-tooth windows. The idatecdbop Is 



Fiq. 69.^-Orow icetioa of reinforced concrete 
machine chop with high crane bay* 


abo arranged for efficient handling of materials from the cars in the end of the buildiiig, to and 
from the machines. 

f%. 52 shows a section of a machineslmp for handling only heavy work, and requiring very 
imiMf S|iaoe for small toob* office, tool loom, etc. 53 b a reinforced concrete maehtee 
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shop for the average work. This is an economical type of stmcture; the center bay is lighted 
by saw-tooth windows and the side bays have two floors well lighted by side windows. Wider 
spans than those shown will not, as a rule, prove practicable in reinforced concrete. Fig. 54 
shows a cross section of a machine shop of the Putnam Machine Company, where light and 
heavy machine tools are produced and where the lighting is excellent in a wide building housing 
all departments conveniently. 

Before determining the type of building, a machinery layout should be prepared. Cardboard templates of 
machines, out out the scale of the plan to be made, will be of assistance in making the layout. With these, atsles, 
storage spaces, and machine locations can be determined. Heavy machines should be placed where they may be 
served by cranes, and light tools in side bays. Ample space should be allowed for passage and for storage of waiting 
and finished material near the machines. The tool room should be placed where the least amount of travel wiU be 
required of the employees. 

It should be remembered that castings must eoiuc. in from I he foundry, usually first to planers and then on 
through the operations of boring, milling, drilling, etc., to the erecting shop. Also forgings are brought from the 
forge shop, and shafting and bar stock from storage, and these all go 
through the necessary operations, all finally going to the erecting shop, or, 
in the case of smaller parts, perhaps to storage for finished parts. It is 
common practice to use one end of the macnine shop, where the heavier 
work is done, for erection of the machines. This nolds true only with 
the heavier machinery requiring travelling cranes for handling. Light 
machines or metal products, as phonographs, sewing machines, etc., 
usually have a separate room or building for assembling and erection. Cross Section of Forge Shop 

Works for the manufacture of hghter machinery or apparatus from Fia. 70. 

metal may be of the one-story saw-tooth construction type covering 

large areas, or multi-story buildings of many tyt>es. However, the tendency has been to build substantial plants 
of the best type of fireproof construction, as usually the value of material housed from raw to finished product is 
several times that of the buildings, so that reducing the fire hazard nut only gives greater security but saves heavy 
insurance expense. Many plants use, or require, both one-story and multi-story buildings. 

142. Forge Shops.—Forge shops are one-story buildings with ample means for ventilation 
and the removal of smoke. Heavy hammers should have foundations separate from the struc¬ 
ture, and should be placed convenient to the heating forge. Trusses supporting the roof should 
be designed to carry the top bearing of jib cranes which serve hammers and forges. Fig. 70 
shows a good design for forge shop, the sloping sides of the monitor having top hung continuous 
steel sash, for ventilation as well as good lighting. 

148. Pattern Shops.—The pattern shop and pattern storage are sometimes in the same 
building, but usually the pattern storage building is an isolated fireproof building on accoimt 
of the valuable and inflammable nature of its contents. The value of the patterns may not be 
great but the loss occasioned by the time required to replace them might be extremely heavy. 
The pattern shop is merely a small wood working shop equipped with machines and benches 
for the pattern makers, and may be a separate building or a room in a single-story or multi-story 
building, but it should be well lighted, and means should be provided for continuous removal of 
wood shavings and waste, which being from dry lumber, is of an inflammable character. 

Paint shops and storage and shipping buildings should be designed to suit the requirements 
of the materials or uses. 

144. Wood-working Shops.—Some machine works require extensive wood-working shops, 
and in general, the rules for design of machine shops apply to these, except that as a rule no 
travelling cranes are required. Planing mills and railroad car shops arc generally housed in one- 
stoiy buildings, except that the lighter work may be done in two or three-story buildings. The 
lumber passes through different operations, as does iron and steel in machine shops. There is, 
however, the important difference that the inflammable character of the material, as well as the 
value of the product in proportion to the space required for the work, does not as a rule justify 
the expenditure for costly fireproof buildings. The practice most justified seems to be to build 
wood-working shops at least partly of wood, wid then use every means to prevent fires and to 
promptly extinguish them when they do start. Proper exhaust or blower systems should be 
installed for removing sawdust and shavings as fast as they are produced. DLffeient depart¬ 
ments should be divided by brick fire walls and be m isolated buildi^, the finished product being 
in stor^ouses, lyhich snould be fireproof if possible. Automatic sprinklers in all buildings, 
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hose houses, and yard hydrants with a hre squad trained for prompt action in case of fire^ are 
the best means of preventing loss. 

i45* Pulp and Paper Mills.—Wood pulp and chemical fiber mills require a large amount 
of power and water, and also consume large quantities of wood; hence, they are as a rule located 
convenient to the lumber supply, on rivers which furnish not only water for use in the processes, 
but power and a means of bringing logs from forest to mill. Chemical fiber mills require spe¬ 
cially designed structures; for instance, sulphite digester buildings are 140 to 170 ft. high and of 
heavy construction, usually brick, with a steel frame. The substructure of grinder houses and 
wood mills usually contains water wheels directly connected, or belted to the machines. Other 
buildings are usually of brick mill construction, with rather heavy floor loads (200 to 300 lb. per 
sq. ft.). 

The beater building is of two or three stories. Those using rags or waste paper have sorting and cutting depart¬ 
ments on the second floor; beaters, mixers, Jordan engines on the first floor; and stuff chests in the basement. 
Concrete is an excellent material for at least the basement and first floor of this building, on account of the amount 
of water used, and the fact that floors are likely to be continuously wet. The machines are heavy and require ample 
otherwise, floor loads are not heavy. The machine room, containing the paper machine or machines, is 
usually one story and basement. A machine room for two machines should be 60 to 75 ft. wide, depending on the 
width of machines. I.ength varies with the machines, which may be 150 to 226 ft. long. The roof is carried on 
trusses and should have monitors and ventilators for the j^emoval of steam from the drying cylinders. 

The finishing building, usually a continuation of the machine room, contains machinery fur cutting the paper 
into sheets, or slitting and rewinding into smaller rolls. 

Paper warehouses must be designed to carry heavy loads, ranging from 300 to 500 lb per sq. ft. of floor, and m 
one ease in the writer's experience a mill storehouse was loaded with 750 to 800 lb. per sq. ft., the paper b^ng piled 
in roUs from 12 to 15 ft. high. 

146. Chemical Industries.—Chemical industries are so varied that only a general treatment 
can be given here. As a rule, the buildings are one story except those in which gravity may be 
used for handling the materials in continuous operation, similar to the abrasive crushing plant 
shown in fig. 48. Some plants require small buildings isolated for certain processes, on account 
of the dangerous character of the contents or obnoxious fumes. Some buildings require all iron 
work to be heavily protected from the corrosive action of fumes or liquids. Most of these 
buildings must be designed with special reference to the apparatus which they arc to house. 

147. Textile Mills.—The design of cotton and woolen mills has been standardised to a 
great extent, on account of the slight variation in the process of making any grade of cotton cloth 
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Textile mil buildings are generally three or more stories in height and of good widtli--60 
to 12o ft. One exception is the weaving, which in many modem mills is housed in a onenstory 
saw-tooth building, on account of the better lighting which is important in this operation. The 
floor loads in textde mills are light, the actual load on some floors being not over 30 to 40 lb. per 
sq. ft., and rarely over 76 ft. per sq. ft. on any floor. 

Brick with h^vy timber frame and plank floore and roof (known as “ Mill Construction ”) are economical, 
durable, and command a low insurance rate However, some recent mills have been constructed of reinforced 
concrete and have proven very satisfactory, although opinions differ, some claiming that the dust and rigidity of 
tha atnotnra .*o^n the life of meohmery The concrete Boor doee not preeent an idciU working aurface for the 
operative,, but thie may be overcome with wood, asphalt composition, or other eurfaoea. 
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Fio. 73.—Concrete shoe factory 

StomhauaM for cotton in bales, where ground &s available, are usually oae-ctory bnck with mill constniotion 
mit Ptotcotod by automatic sprinkleri. These bttildmss are usually 100 ft. wide and divided by fire walls 
into SDHFtt eeetlone. A ftandard cotton ttorehouBe is shown in section in Fig. 72. When large capamty Is reoWred 
in tniall gpaee the cotton storehouse may be either of null construction or reinforced eonorete, the former 4 to S 
ttoriWf IM, ahd tbo lattor as much as 10 stories. The height of each story is usuatly about 8 ft, from floor to floor. 

it and t2 dhow a isrptcil cotton miU with sfl operations In one building 126 X 628 lt.« wl^ onoHitotT 
Atinfhmoeetri^ lor cotton and finished goods storage. 

Il|. yfiOtorifii.—In genernlt the seine conetruotion is used for shoe fflctoiiefi es for 

that the buildings aw umially not so wide. On account of the l^^ting 
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required for nearly all processes, 40 to 50 ft. is about the proper width. Floor loads are gen¬ 
erally 160 lb. per sq. ft., and the buildings vary from 3 to 6 stories in height. Fig. 73 shows a 
shoe factory of reinforced concrete, consisting of a main building with wings, all of fiat slab 
construction. 

STANDARDIZED INDUSTRIAL BUILDINGS 
By Chas. D. Conklin, Jr. 

149. Origin.—The trend of the great industrial organizations for the past few years, 
throughout the world, has been toward a standardization of output. Even before the recent 
war produced such enormous demands for vast quantities of products, the large industries 
realized that “standardization was the solution of many difficult problems of production. A 
new significance was given the principle of standardization by the great and hurried demands for 
all classes of material growing out of the war. It is now a well established fact that in all lines 
of industrial enterprise, standardization of methods, parts or complete products results in both 
economical and increased quantity production. 

Noting the success of the motor companies and other maniifaotming organizations through their standardised 
products, pioneers in building construction conceived the idea of standardii.ed industrial or factory buildings. 
Heretofore, it had been the practice to design a special building for every requirement, the result being an enormous 
amount of detail work and expense for each construction job. While some of this detail work and expense was 
necessary for very special problems, the greater part could have been eliminated by the use of standardised buildings 
designed to meet the average requirements of many industries. The result of the study of these pioneer builders 
was the production of a series of standard designs from which it was believed that by a careful selection, most 
requirements of industrial building could be met. There are oases of building construction which require special 
design and study to produce the best results, and in which the use of a standardized building is advisable, but by 
far the greater percentage of industrial construction may be economically and rapidly accomplished by the use of 
standardized products. 

160. Types.—There are two types of standardized buildings in extensive use at the present 
time. The first type consists of the permanent, substantial, up-to-date building designed for 
heavy service over a period of years. They embody all the features of the best types of modem 
building construction. The second type consists of the lighter, cheaper form of construction 
which might be termed portable buildings and which are intended more for temporary occu¬ 
pancy rather than jjermanent use. With proper care, the second type will last for years and 
fulfill every requirement usually expected of the light steel mill building. 

161. General Design.—In the design of both types of standardized buildings described 
above, the object sought was to produce a series of buildings which would meet the requirements 
of the average industrial enterprise. Widths, clear heights, units of length, kinds of material, 
loading, arrangement of lighting and ventilating sash, and many other problems were carefuDy 
studied and averaged, so as to obtain finished designs which would suit most conditions. Basic 
building units were designed which admit of the greatest flexibility, thus permitting thMr use in 
numerous combinations. Spans, spacing, and general arrangement were so selected as to use 
materials up to their safe limit, thus securing a minimum of waste and an economical design. 

162. Standardized Method of Construction.—^The following description is taken from the 
catalog of The Austin Company of Cleveland, Ohio, a pioneer company in the construction of 
standardized factory buildings. The method of this company, known as “ The Austin Method, ^ ’ 
consists of the following: 

A method of ereoting i>enimiieiit end eubetential feotory buildings in the fewest number of working days, 
^minating by •tandArdisation and quantity production, delays otherwise unavoidable. 

A meUiod which provides lor various industrial types of oonstrnotion by standardised derign and spedfioations. 
The time ordinarily required for the preparation of special plans is saved. 

A method of preconstrucUon work which prepares and holds stocks of fabricated steel, steel sash, roofing, 
htndier, and qther materials at strategie points and ddivers thed to any job with dhqmteh. 

A method of figuring coats which places the production of industrial buildings on a definite price baaw by lump 
eitih, oos^ pips perechtage, cy cost plus fee contracts. 

A method iribihh ddivers a thoroughly aatisfhetory building, meeting every requirement of the buaifieic, with 
the learn ospdiwlitiire of the owner's time and monev. 

i ^ ^ 
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158. Advantages of Standardized Construction.—One of the principal advantages of 
standardised buildings lies in the time saved over usual methods of construction. Economy in 
time means economy in labor and capital because of the shorter period during which labor and 
capital will be tied to one job and because of the hastening of production. Ballinger and Perrot 
of Philadelphia, describe their standardized buildings as ^‘Quick-Up” buildings, a term well 
chosen to point out their chief advantage over usual construction. Plans and specifications 
have been prepared well in advance of construction and the time ordinarily required for special 
architecture, engineering, preparation of designs, plans, estimates and other matters of detail 
is saved. Practically all preliminary work is eliminated and construction work can be started 
immediately upon awarding of contract. All essential materials required for the standardized 
building are carried in stock and are ready for immediate shipment and can be sent to the job 
with little or no delay. Material lists for all minor materials not in stock, are already prepared. 
Continuous contracts are usually carried with material contractors for such and all materials 
<’an thus be readily supplied to the workmen. By purchasing materials ahead of construction 
and carrying same in stock, the builder is able to buy to much better advantage during periods 
of low market price, thus permitting more economical construction. 

Again, workmen are trained in every step and branch of standardized buildings. They 
know every move to make and make few useless ones. The scheme of construction has been 
worked out to prefection so that all operations are coordinated and several trades work together 
at the same time without undue interference. The workmen do not need to spend useless time 
studying plans and specifications as they are prefectly familiar with the work at hand due to 
their training in standardized building construction. The work proceeds smoothly and with 
unnecessary haste and the result Is a first-class building, every d(»tail of which is just right duo 
to experience gained from numerous previous similar buildings. By the above described 
method of construction, buildings have been erected in 30 working days that have ordinarily 
taken from 3 to 6 months to build, the result being increased production and profit, time, and 
money saved. To quote again from the catalog of The Austin Company: 

Standardized conatruction hae automatically placed coata on a more solid foundation. Frequent repeating 
of the same building oi>crati<ma eatablishea basic coat figurca and eliminates guess work. By the Austin Method, 
factory buildings can be purchased with the same certainty os machinery or other equipment. 

The work is so well organized and developed that delivery can be guaranteed under a 
penalty and bonus contract. 

164. Illustrations.—No attempt will be made here to show sketches of all standard build¬ 
ings on the market, as there are many of such. A few typical illustrations will be given, suffi¬ 
cient to show the general nature of standardized buildings. There are several organizations 
advertising and constructing standardized industrial buildings at the present time, and the 
following sketi^hes are taken from their catalogs in an effort to present briefly some points in the 
work of each of these orgaTiizations, For a more extensive treatment of this subject, the reader 
is referred to the catalogs of the various companies mentioned in this chapter. 

Autivn Standard Factory Buildings .—The Austin Company of Cleveland, Ohio, has worked 
extensively along the line of standardized construction and, through several years of experience, 
has adopted ten basic standard designs of permanent, sturdy factory buildings of concrete, brick, 
and structural steeL These ten Austin standards, together with their innumerable adaptations 
and combinations, cover a large variety of industrial structures. Practically every type of 
building from the light manufacturing and storage types to the heavy machine and assembling 
shops will be found in the standard designs. While each style has been standardized, they are 
sufi^iently flexible to meet a great variety of construction requirements.” In addition to the 
ten standard designs mentioned above, the Austin Company has several standard desigiiB for 
railway buildings and storage buildings, including warehouses, freight stations, repair shops and 
round houses, which apply Austin standard units of constructions. In most of these standard 
destgns, expansion is possible in width or length in standard multiple and the height may be 
varied to suit special requirements. It will be noted that the longitudinal distance between 
columns or pilastem, for the large majority of standard buildings, is 20 ft. This distanee 
(usually called the bay) is found to be the most economical one for heavy types rA buildings and 
a very convenient one to use for engineering and construction purposes. 
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Fig. 74 shows Austta No. i Standard Building. The oroes section of the building and plan are almost self* 
explanatory. This building is very similar to The Mirade*’ type building as oonstruoted by the CroweU-tundoff- 
Little Company of Cleveland, Ohio, the dxfferenee being mostly in points of detail. This biding is also similar to 
Type B as designed by Ballinger and Perrot of Philadelphia, the chief difference being m the addition of a monitor 
for Ughting and ventilating purposes. This building is ideal for small maohine and assembly diops, oarpenter and 
pattern shops, paint shops, storage, ludit manufaotunng or laboratories. An important point in the design of this 
and other types of standard buildmga lies in the fact that the steel beams or trusses overhead should be made amply 
strong to support aU ordinary shafting loads. 

Fig. 75 shows seetion and plan of Austin Standard No 2 building. The width of this building may be increased 
in multiples of 30 ft. or less and the length may be any multiple of 20 ft. This building is suited to many lines of 
manufacture as it is well hghted and amply ventilated. It is ideal for light foundry service. This building is very 
similar to “The Monitor,’* a standard building constructed by the Crowell-Lundoff-Little Co., the latter having a 
40-ft center aisle with light sted truss above instead of the 30-ft. aisle with I-beam rafter in the above No. 2 building 


roofing s^ioafMjg 


y HboetpuHtm 




Ran 

Fto 74 —Austin No 1 standard. 


Fig. 70 la a croM section and part plan of the Austin No. 3 Standard Building* It has proven to bo^ooe el the 
moat popular cl Aua^ standards and adaptable to a great variety of purposes. It has been ealled the tJsivenui] 
typo because it has been used for so many operations in the manufacturing field. “ It is ideal for liiditing eonditkais, 
eeae of installation of shafting and for its wide area of unobstructed floor space, 2000 sg. ft. per oolumh.** Tbe apace 
in the'monitor at dther end of the building has been used frequently for wdHighted and ventilated oflSioe hitd draft¬ 
ing roesns, also for tdlet and washrooms. The open space between the trusses on the side aislse is nvallahle lor 
heating, lifting, plumbing nnd power equipment, leaving the entire floor space free lor actual manulaotuiing. 
Thla No. 3 standard is venr similar to Type F building as oonstruoted by Bidtinger and Parrot of Pt^todeWda and 
somewhat siindsr to **The Monarch*’ as constructed by Oowefi^Lundoff-Little Co. 

1%. 77 ehowa the exterior of an Austin No. 8 Standard Bufiding built lor the Xntemational Motor Campany at 
ABmtdioiti, pn., in 34 wurldng days. 

In «lt tbe ataadard buildings above described, eitber oontiaiaMH aide wall aaSi wMb atod 
eohim i w , or non-oontiauouB sMe wall eash with brick pilaster, may be weed. t^afannarpveB 
4^% dte betlw eonditions. 

Brief igiecifieatiotia covwing tbe above standard iM^dings are aa laSoemt ^ 

V KllMSaw . l y tM W i»ft. . 
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Exot'^ftticai iwad gr*din®—On normal site, eieavation for standard foundations and grading within Z ft. of 
outside. 

Foundations—Concrete (1 part cement, 3 parts sand, and 5 parts coarse aggregate). 

floor---^ in. concrete base with monolithic finish. 

Side waUe--<7ommon brick, selected iat facing, laid m Ume*oement mortar. 

Window sfils—Concrete (usually precast). 

Columns—Structural steel. 

Roof structure—Steel beams or trusses with 6 X 12-m. yellow pine purlins, carrying 2 X 6-in dressed and 
matched yellow pine sheathing. 

Waterproofing—Four-ply built-up felt, pitch, and slag roofing or equal 

Sash and ventilation—-Side widl steel sash with H -in. factory nbbed glass, push bar or diain operated Venti¬ 
lated sections in monitors meebanioaUy operated. 



Cro99- Section. 



Plan 


Fxo. 76.—Austin No. 2 standard. 


. u an/l ATiA fioW ooat. Estcrior wood work, two coats 

|>Pittting---8lrttCtttral steel and steel sash, one shop coat and one now ooai 

lead and ott, Interior walla and ceding, two c<»ts of j^^ing and sprinklers are not 

Miacfllaii^oiir—Sheet metal gutters and down-spouts, plumbing, hea ng, g 
usually standardlaad but are furnished on special order. 

rut^ j—j Bwidiim —Kg. 78 ahows the section and plan of “Bessemer 70” build^ 

th* Mmewhat different with slight differences m the detaJs. 

....... _j ^ thl.»lsuUJL 


11 ^ ' 
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^Hidtha m moitiplM of 50, 00, 76, and 100 ft. By omitting certain interior columns, this type may be arranged to 
give unobetruoied floor space in unite of 75 X 00 ft.'* 

Fig. 80represents a standard multiple story, flat slab reinforced concrete building, "Gibraltar Type'* as erected 
by the Oroweil4Aindoff^JUttle C!o. It is very similar to The Austin Company's No. 9 Standard and is ideal for 



Cross-Section 



Plan 

Fig. 76.—Austin No 3 standard. 

factories, warehouses, storage buildings, stores, and office buildings This type of buiiding is economical, fireproof, 
permanent, eamtary, and free from vibration, and possesses all the advantages of the flat slab building. 

Trmcon Steel Buildings ,—The Truscon Steel Gjrnpany of Youngatown, Ohio, manufactures 
and erects a series of semi-permanent buildings ''construcU^d of standard units, every one of 



Fid, 77r^Aiistin No. 3 standard building, 100 X 660 ft. 

which is nuideof steeL*^ The dasiga of each paH hAs been catefuSy stodiediii ovdihr to dOV«lop 
raUHiWimvtranf^ Smy iwuiid of steU is uaUced; them it ao waato ia USiw 
lalnr of Mpuagtariaf. 
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The of Truscon buildmge eoneisi of standard steel wall units made in various heights, which are lutet* 
changeable with doors and may be fumiihed cither with or without sted windows. Field oonneotions are made 
with a slotted bolt and wedge, very easily assembled and just as easily dismantled, thereby making it simple and 
inexpensive to move a Truscon buildmg Hence they are very good portable buildings,'especially adapted for 
temporary use and can be and are used extensively for permanent structures These buildings are particularly 



Floor Plan 


Fio. 78.—“Bessemer 70“ buildmg of the Oowell-Lundoff-LitUe Co. 



MtotefaU for Btonme sad nomufaeturiiw. and inumuob m they tore • r^utad eel^ rdm oi IWn. 

iW gw rnadily tt\ galrabk The Tirutoon buildup is very quickly erected as all units axe earned in stock and can 
be dlHeMd At the ake by the the foundations have been built. 

l1i^^ ih;e^^^T<ieoftheee^ M«»y variations 

PAi b4iiKtptidni «l Ih^ typea are peaiible. 
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IM* €kMi€liitl0iL-*^Afi stated abovSi there are a g^at variety of standardised buildings 
on the market at the present time. Only a few of the many have been given, sufficient to 
convey a clear idea of the principles and methods of standardisation. In selecting a building 
for a definite purpose, careful consideration should be given to the requirements of the case and 
a stamdard building only used when it fits.the particular need. There are numerous cases 
where the standard building will answer every requirement. There are other cases where the 
standard building will not fit the conditions. Efficiency in operation of plant should not be 
sacrificed by the use of a standard building when the latter is clearly not adapted to the industry 
to be housed. In the numerous cases in which standardized buildings are adaptable, the results 
are very satisfactory. 


CLEARANCES FOR FREIGHT TRACKS AND AUTOMOBILES 
By Allan F. Owen 

166* Clearances for Freight Loading Tracks.—When a railroad switch track enters a 
building, the clearances at the side and overhead and the radius of the curves of the track must 
be approved by the railroad to which the switch track is to be connected. The tendency is to 
use larger and larger engines for switching and the curves must have longer radii for the larger 
engines. Some railroads demand a minimum curvature of 18 deg., and prefer 14 deg. Very 
few will not allow a 24>deg. curve. 


Degree of curva¬ 
ture. 

14 

1 

15 

10 

17 

18 

10 

20 

21 

22 

23 

24 

Radius io feet. 

410 3 

383.1 

350 3 

338.3 

310.6 

302.0 

287 0 

274 4 

202.0 

250.8 

240.5 



FiO. 82.~-«Cleiirance8 allowed by the State Public ITtilitice CommisBion of Illinois for freight loading tracks. 



A4St^ be t^wed foreacb freight oar thatis to bebadedor lu^aded. 

*%liiinTiiMi allowed by Tlie State Public Utilltiee Oommiasion of Illinoie are pven in Pig*. 

«a.8S.iwdS4. 
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Loading platforms should be 3 ft. 9 in. above the top of rail. This height will allow doors 
of refrigerator cars to open. Car platform heights vary from 3 ft. 9 in. to 4 ft. 2 in. 

167, Automobile Sizes and Clearances. —Doors to public garages which have to accom¬ 
modate every kind of automobile truck should be 14 ft. high. ^Entrances to truck backing-in 
spaces should be of the same height. Doors to many such garages are 11 ft. high and these will 
take all but the very largest trucks. Doors should be at least 9 ft. wide and must be wider 
if they are nearer than 40 ft. from the opposite side of the street or alley. Fig. 85 gives the 
clearance lines for a truck of the following dimensions: Length overall, 24 ft. 6in.; width overall, 
8 ft. 4 in.; front overhang, 3 ft. 0 in.; wheel base, 14 ft. 6 in.; rear overhang, 7 ft. 0 in., tread- 
front wheels, 5 ft. 0 in.; tread—rear wheels, 6 ft. 6 in.; radius of clearance circle, 30 ft, 6 in.; 
body size, 8 ft. 4 in. X 18 ft. 0 in.; width over front fenders, 6 ft. 0 in. 

The manufaoturen have standard sises of chassis but there is no standard for bodies; so when it is neoessaiy 
to provide for particular trucks, it is best to get the dimensions from the owner or builder and lay out the clearance 
lines. 

Touting cars do not require so much room as trucks. Doors should not be less than 8 ft. wide nor lower than 
8 ft. unless the garage is made to fit one small car. The diagram of clearance lines for a touring car is given in Fig. 
86 for a car of the following dimensions: liength overall, 17 ft. 3 in.; width overall, 5 ft. 10 in,; front overhang, 
1 ft. 11 in.; wheel base, 11 ft. 10 in.; rear ovirhang, 3 ft. 6 in.; tread—front and rear, A ft. 8 in.; radius of clearance 
circle, 30 ft, 3 in. 


The following table gives the required dimensions of a few passenger cars 


Dimensions of Passenger Cars 


1 

Name 

1 

No. of 
pass 

j 

Overall 

length 

[ 

Overall 

width 

Height 

Wheel 

base 

Rear 

overhang 

Radius of 
clearance 
circle 

Weight 

pounds 

Packard 433 . 

7 i 

17'd'' 

5'-11" 

6'-2" 

ll'-ll" 

3'-4" 

27'~4" 

4710 

Packard 526 . 

5 

liV- 10" 

5' 10" 

6'-2" 

KK-ll" 

3'~l" 

21'-7" 

4000 

Lincoln . 

7 

17' 3" 

5' 10" 

6'-6" 

11'-^ 2" 

3'~6'^ 

24'-0" 

5010 

Huick 50 

7 

15'- 9" 

5'-8" 

6'-0" 

10'-8" 

3'-3" 

21'-6" 

4115 

Buick 27. 

5 

14'-^ 5" 

5'-7" 

5'-10" 

9'-7" 

3'-l" 

19'-0" 

3310 

Chevrolet 595 

5 

13'--9" 

5'-10" 

6'-0" 

H'-ll" 

3'-0" 

18'~0" 

2368 

Ford “A*’ Tudor 

5 

12'-7" 

5' 7" 

6'-0" 

8'~7" 


17'~0" 

2400 
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correction of faulty, 755 
echoes in an auditorium, 757 
effect of ventilation system, 768 
formula for intensity and reverberation, 754 
interference and resonance, 757 
non-transmiselon of sound, 759 
sound-proof rooms, 760 
transmisrion and reflection of sound, 760 
vibrations in buildings, 761 
wires and sounding boards, 758 
Adjusters, window, 1074 
Aggregates for concrete, 097-1001 
Air compressors, 008 
lift pumps, 1870 
line vacuum systems, 1100 
painting equipment, 004 
properties of, 1147 
riveters, 000 

\lgebraic method of sections, 50, 58 
Alignum fireproof doors, 639 

Alitis, Arthur E., on Estimating steel buildings, 1080- 
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AUoy stefd, 004 
Alumina cement, OOt 

American Concrete Institute standard for flat-slab 
design, 443 

American Rolling Mill Company, 078 
American Steel and Wire Company, tables, 1006-1010 
American System of Reinforcing, 1010 
Anchors connecting girders to walls, 386 
Am^c oonnebtions of beams, 412 
Angles, connection, 285-289 
Arched roof trusses, 568-584 
Arches, masonry, 299-304 
Architects' commisstona, 1110 
Atchitectnrai design, 717-728 
color and ornament, 718 
Gothic ayst^m, 71$ 
high buildings, 728 
modem styles, 728 
orders of architecture, 719 
omaitietits of the Renaissance, 727 
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style. 718 
theory of, 717 
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Architectural timber work, 585 
Ashlar facing for walls, 618 
Asphalt floors, 457 

Associated Factory Mutual Insurance Companies 
quoted, 337 
Asylums, insane, 750 
Auger borings for foundations, 350 
Austin Company's method of construciton, 802 
Austin Machinery Corporation, 840 
Automobile sises and clearances, 811 
Axial stress, 4 

Babcock, G. H., 1810 
Balconies, 668-675 
brackets, 669 
cantilevers, 668 
curved, 672 
floor framing, 672 
theatre balcony framing, 673 
Bank vaults, 625 
Bar threading machines, 006 
Basement windows, 634 
Basements, waterproofing, 888 
Bases for beams, girders, and columns, 227-229 
Beams, connections, in steel framing, 412 
definition, 2 

detailing in concrete construction, 324 
Beams, reinforced concrete, 127-174 
bond stress, 135 
fire protection, 137 
flexure formulas, 127 

formulas for steel in rectangular beams, 139 
length of, 129 

moment distribution in continuous beams, 147 

moments assumed in design, 140 

negative reinforoement in continuous slabs, 141 

rectangular beams, 137 

shearing stresses, 129 

slabs, 141 

spacing of reinforcement, 137 
stairs, 169-174 
T-beams, 142-147 

tables and diagrams for designing, 148-169 
tension and compression •reinforcement for, 137 
two-way reinforced slabs, 141 
web reinforcement, 130-135 
Beams, restrained and continuous, 42-49 
concentrated loads, 46 
continuous beam practice, 45 
deflection, 49 
definitiops, 42 

design of coatipttous beams, 42 
internal stresses, 49 
idiear and moment, 46 
shoring, 48 
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Beams, restrained and eontinuons, three«moment 
equation, 43 

Beams, simple and cantilever, 34'>41 
bending, 35 

formulas for oonorete, 87 
deflection, 40 
design, 34 

diagonal compression and tension, 39 

flange buckling, 40 

formulas for internal stresses, 41 

fundamental bending f^mula, 35 

moment of inertia, 35 

shear, 38 

Beams, specifications, 1494-1509, 1511 
steel, 115-123 
wooden, 98-114 

Bearing plates and bases, 227-229 

allowable bearing pressures, 227 
anchors, 229 
cast bases, 228 
expansion bearings, 228 
hinged bolsters, 228 
simple bearing plates, 227 
Belt conveyors, 555 

Bending and direct stress, concrete and reinforced 
concrete, 68-79 

eccentrically loaded columns, 67 
transverse loads, 64 
wood and steel, 64-68 
Bending and placing reinforcement, 551 
formula for beams, 35 
moment, 22 

reinforcement equipment, 5T§ 
stresses, 5 

unsymmetrical, 79-04 
Bent rods, marking of, 421 
Berger Manufacturing Company, 959-9T5,1017 
Bessemer 70 building, 805 
Betelle, James O., on School planning, 761-773 
Bethlehem beams, properties of, 96 
Steel Company sheet piling, 555 
Black powders, 555 
Blasting aooessories, 557 
machines, 558 

Blaw*Kfiox weighing batcher, 575 
Board measure, table, 515 
Boilers, fu^, and obimneys, 1115-1555 
boiler efi^oiency, 1151 
trimmings, 1111 
cast-iron boilers, IHO 
ebeek valves, im 
ebimneys, 1114-1111 
eonneeting two boilers, 1111 
equivalent evaporation, im 
feed pump, HU 
liaHabe boil^, 1111 
fuel, lift 

grate area m boUers, 1111 
heatiiig sitrfaoe, tilt 
meebanleal stokers, HU 
mtitig el boBsia, HH 
laqiiifeBMts of a perl set boiler, HH 
settiiiaierfMdlsrs, HH 
ili|9|dag aad ereetlon, Hll 
tfMofboBei^HH 
aplarHl^al^ lasiflsnii, HH 
9dh5rlll.H|, Iffi 


Bolts, lateral reristance of, 240 
Bond stress, 6 

between steel and concrete, 185 
Borings for foundations, 350 
Boston building law quoted on fioor loads, 332 
Boston Manufacturers Mutual Insurance Co., table uf 
weights of merchandise, 334 
Bostwiok Stee* Lath Company, 158, 570, 571,171,1017 
Bowman, Waido G., on Construction equipment, 545- 
507 

Boyd. D. K., on Brick. 957-OH 

Building and sheathing papers, etc., 1009-1070 
Building hardware, 1071-1077 
Lime, lime mortar, and lime plaster, 175-001 
Terra cotta, 1059-1045 
Tiling, 1045-1051 
Box girders, 186 

Bracing of buildings, 467, 657-668 
Brackets in balcony construction, 660 
Bragg, J. G.. tests on brick piers, 1510-1511 
Braune, John S , on Roof drainage, 605-609 
Roofs and roof coverings, 594-604 
Sky lights and ventilators, 609-615 
Brick, 957-9H 
cement, 941 
classes of, 117 
color of, 957 
enameled, 941 
fire, 941 

fire^resisting qualities of, 840 
glased, 9H 
interlocking, 941 
manufacture of, 158 
paving, 141 

physical properties of, 159 

quality and crushing strength of, 959 

raw materials for, 957 

sand-lime, 940 

siie of, 959 

slag, 941 

Brick arch floor construction, 847 
floors, 455 
partitions, 625 
piers, tests on, 1510-1818 
waUs, 616 

Brick work, 541-5H 
coots, 1008 
eetimating, 1108 
matmal elevators, 541 
seailcdds, 041 

Bridging in floor constniction, 386 
Buckets used in excavating, 551-554 
Buckling of web, 115 
Bttcyrus-Erie Company shovel, 550 
Building and sheathing papen, 621,1555"*H75 
felt, 1070 

insulation boards, H70 
intttlatoro and quilts, 1570 
mineral wool, 1070 
types, 1050 
i»ee,10li 

Btiildiiig materials, OOO-lOlt 
briok,5i7-oa 
east iron, 940-Ofi 
etweiil.fOi^ 

morlor and 54ai5 eonerefeo^ I0ilt*t|il 
oooorete aggregatea and wiatgr, f07<-igi|l 
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Building materialst concrete building stone, lOM'-lOSf 
reinforcement, lOOt-lOtl 
glass and glasing, lOBS-lOM 
gsrpsum and g 3 rpBum products, 98tf~9tl 
hardware, 1071-1077 

lime, lime mortar, and lime plaster, 070~0tl 

metal lumber, 000-070 

paint, varnish, etc., 1000-1008 

reinforced concrete, 1081-1081 

sheathing papers and insulating materials. 

1000-1070 
steel. 001-000 
stones, 018-010 
structural clay tile, 041-040 
stucco, 081-080 
terra cotta, 1080-1040 
tiling, 1040-1008 
timber, 008-018 
wrought iron, 001 
Building stones, 018-080 

dressing machines, 081 

granite, 088 

igneous rocks, 088 

limestones, 080 

marbles, 080 

minerals in, 018 

properties and testing, 010-088 

rocks used as, 014 

sandstones, 084 

slate, 080 

stylets of dressing stone, 081* 
uses, 088 

Buildings in general, 332-337 

fire prevention and protection, 880 
floor loads, 332 
types of buildings, 332 
weights of merchandise, 334 
Burt, N. J., on Balconies, 668-673 

Floor and roof framing—steel, 405-418 
Long span construction, 675-682 
Tanks, 651-657 

Wind bracing of buildings, 657-668 
Buttresses, 305-308 
Butts, 1078 

Caisson eiceavation, Hi 
Caissons, 365-369 
concrete, 368 
cutting edges, 367 
designs, 366 
dredged wells, 369 
open, 369 
sealing, 369 
shafts, 368 
steel, 367 

water-tight cellars, 369 
wood* 368 

Camber in trusses, 888 
Cantilever construction, 359 
Cantilevers, 668 
Cwrbon steel, 008 
Caipentry, casts, 1001 
Casemsikt windows, 683 
CistinM»,OiO-*Oii 

4iesfitt of castings, Oil 

If OiO 


Cast iron, methods of manufacture, OiO 
somiHiteel, 081 
white iron, 061 
Cast-iron columns, 204-208 

bracket connections, 206 
caps and bases, 206 
design of, 205 
inspection of, 205 
manufacture of, 204 
properties of, 204 
tests of, 205 
use of, 204 

Cast-iron lintels, 123-126 
bending, 124 

form of cross section, 124 
loads supported, 124 
proportions, 124 
shear, 124 

table of strength, 125 
working stresses, 124 
Cast stone, specifications, 1H8 
Catch basins, 1848 
Cellars, water-tight, 369 
Cement, 111-917 
alumina, 116 
ohemioal analysis, 995 
compressive strength, 91i 
containers for, 116 
fineness, 114 
hydraulic lime, 111 
natural, 111 
Portland, 111-116 
puczolan, 111 
quick-hardemng, 916 
seasoning of, 116 
setting and hardening. 111 
soundness, 198 
specific gravity, 118 
storing of, 118 
tensile strength, 918 
testing, HI 
time of setting, 194 
weight, 197 
Cement floors, 456 

Cement mortar and plain ooncrete, 171, iOH-illl 
aggregates, proportions, 1616 
control, in construction, 1016 
durability, 1014 
economy, 1018 

effects of various substances, 1080 
formative processes, 1011 
hardened concrete, effect of substanosa on, 
1080 

properties of concrete, IHl 
qualities desired in concrete, tOH 
quantiriee required, 1010 
elumpe recommended, IQM 
strength, 1011 
uniformity, 1080 
water rightnesa, 1018 
workability, 1025 
Centsr of gravity, 16 
Centering for floors, iiO 
Centrifugal pumps, 074 
Obaritable purpose buUdinti* 711 
CiMiniial sicMMit*, IIOO-IIIO 
ilmbint instillatioM* IMt 
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Chicago hoom (dmiok), ttf 

Chicago Building Ordinance quoted on fire iiroieotion, 
342 

Chimneys. 697-705. 014-1221 
breech opening. 697 
brick stacks, 698 
concrete stack. 699 
determining sise for power, IIM 
draft loss in fire, 1112 
economisers, 1121 
effective area, 1114 
guyed steel stacks, 705 
height and sise for residenoes, 1120 
induced and forci^d draft, 1121 
ladders, 705 

lightning conductors, 705 
Hnings for large, 697 
power plants, 1114 
reaidenoe, 1117 
shape. 697 
sise and height, 697 
small chimney construction, 697 
steel stacks, 708 
temperature reinforcement, 697 
Chipping tools, too 
Churches, 744 

foundations for, 357 
Chutes, 1421 

for concrete, 180- 121 
Cisterns, 1220 

City buildings, foundations for, 357 
halls, 730 
Civic centers, 743 
ClamBhell buckets. Oft 
Clapboard on frame walls, 621 
Clay, characteristics, 352 

tile as fire proofing for steel, 339 
Clearanees for freight tracks and automobiles, 809-811 
CUfford, Walter W., on Concrete detailing, 321-331 
Restrained and continuous beams, 42-49 
Simide and cantilever beams, 34-41 
Steel shapes and properties of sections, 95-98 
Stress and deformation, 3 
Climate, effect of, on foundations, 355 
dimatie conditions in the U. S., table, 1189 
cup angles in connections, 288 
Closets, chemical, 1209-1219 
dry, 1219-Ull 
indnerator, 1211 
Club housea, 731 
Coal, storing and pUing, mi 
see also Fuel 

Coefficient ol elasticity, 3 
expansion, 6 
CoflMama, 865 

Cold storage buUdings^ partitioiis for, 628 
refrigarator doors, 687 
waUafor, 623 
Ooid^traiar peiata. 19li 

<?odgpiihl 2 wdodlomii fcpr 6 oor eoaatmelton, 487 
Ootajaemnaj 782 

GoHonik c o ttatr de t i ooy ffra-eesiatis^ 848^245 

trf Ifftilt, 99 


Columna, concrete, 212-226 

oonneotions to beama in floor framing, 386, 413 
detailing in concrete construction, 326 
eroentrioally loaded* 67 
end conditions, 59 

estimating, in concrete buildings, 1088,1194 
formulas for stresses, 60-64 
loads, 58 

reinfm'cod concrete, specifications, 1884 
spiral, 213 
steel, 208-212 
formulas, 62 

stresses due to concentric loading, 60 
tiinb<‘r column formulas, 64 
miU construction, 404 
wind stresses on, 666 
wooden, 197-204 
connections with girders, 257 
specifications, 1218 
Combined stresses, 4 
Comfort stations, 742, 777-783 

adequacy of accommodations, 779 
entrance screens, 779 
fixtures, 782 

floor and wall materials, 782 
location and operation, 777 
partitions, 782 
signs, 780 

ventilation and light, 780 
Communicating systems, 1489-1478 
Components of a force, 7 
Composition floors, 457 

of concurrent forces, 8, 9 
non-concurrent fwoee, 12 
Compressed-air caissons, 818 
Compression flange of a steel beam, 116 
in beams, 39 
splices, 254 

Concentrated load systems, shears and moments, 32 
Concrete. 1921-1011 

bending and direct stress, 68-79 
curing, 1982 

estimating unit prices, 1110 

finishing surfaoes, 822 

fire proofing qualities of, 340 

follow-up tests, 1922 

handling and storage of materials, 822 

joint code, 1279-1274 

materials, 1087 

meaaursmsnt of materials, 888,1887 
mSsIng, 884,1887 
placing, 888,1888 
proportioning, 1887 
readbf-inissdf 884 

ipscifieatioBS. Ii81-1989,1879-1814 
transpcNting. iid, 1828 
Ccnsiata agfragatsi s^ water, 297-1888 
Itot-liiniiMa slat, too 
«iiidai«,iiO 
cMfisotImi, 287 

crttikriid sfiatt a ’ somI ogssiiitstai fi8p8 
flai, 1818 , ^ 
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<''oaof«U Aiid wnter, impuritiei, 1001 

limestone, HO 

orgftnio oontominetloii of eandi, 1001 
requirementi, 097 
isnd, reqiuremente, 1000 
•endetone, 909 
•ee aand, 1000 
teete lor tend, 1001 
trap rook or diabase, 998 
water, 1009 

Conorete beams, bencUng formulas for, 37 
brick, speoiOoatioiis, 1490 
building block and tile, apeoifioations, 1499 
Conorete building stone, 1IM~1099 
consistenoy, 1094 

dry-tamp method of manufacture, 1099 
grades, 1099 
manufacture, 1099 
materials, 1M9 

pressure method of manufacture, 1094 
standard units, 1099 
standards and apeoifioations, 1099 
surfaces, 1099 
trim stone, 1099 
uses of cheaper grades, 1099 
wet<<ast method of manufacture, 1094 
Conorete buildings, estimating, 1097>1119 
caissons, 368 

Conorete columns, 212-226 
alignment charts, 220 
bar sises, 215 
bending in columns, 216 
Qiicago standard, 214 
economy, 214 
Emperger columns, 218 
limiting sites, 915 
long columns, 215 
nomenclature, 212 
plain piers, 213 
reinforcement details, 214 
relatiTe cost, 226 
selectiag reinforoement, 220 
spiral eolumna, 214 
8teel*oore oolumns, 220 
tied concrete oolumns, 213 
types, 212 

Concrete construction, floor and roof framing, 418-441 
continuous beams* 45 
Concrete detailing, 321-331 

architect's reinforoement details, 322 
beams, 824 
bond, 325 
columns, 326 

connections of beams, 325 
ccMUttructioo iolnts, 327 

321 

engliie foniidatioiis, 327 
efkgiiiesr'a rdln l oree m e nt detaUst 929 
fbtslgba, 924 

225 

991 

i if fHl fEd 

' ^ 1 ^ 


Concrete detailing, retaining walls, 327 
rod sises, 329 
spaedng, 324, 325 
spliees, 328 

scale and conventions, 323 
schedules, 320 
sections, 324 
shop bending, 328 
slabs and walla, 323 
spacers, 324, 327 
splices, 327 
spirsl hooping, 327 
stirrups, 825 

Concrete equipment, 970<4M11 
barrows, 990 

bending reinforoement, 870 
buckets, 900 
chutes, 890 
ebuting plants 980 
forms, 870 

mixer operations, time of, 999 
mixers, types, 890 
proportioning ingredients, 970 
ready-mixed concrete. 884 
spouts, 900 

storage and handling aggregate, 077 
towers, 090 

transporting and placing, 005 
Conorete floors, 407 
footings, 370 
forms, 070 
partitions, 626 
pile foundations, 362 
reinforced, 1091-1089 
Concrete reinforoement, 1009-1091 

bars, specifioatioDs for, 1490-1407 
ooeffioient of expansion, 1004 
deformed bars, 1005 
expanded metal, 1011 
factors of cost of bars, 1004 
modulus of elasticity, 1004 
quality of steel, 1009 
reinfordng systems, 1017-1091 
rib metal, 1019 
self oentwing fabrics, 1019 
steel specifications, 1004 
steel wire gage, 1000 
surface of steel, 1008 
types, lOQi 
wire fabric, 1009 
working stresses, 1009 
Concrete sheet-piling, 364 
Conorete. specifications, 1991-1899» 1970-19f9 
definitions, 1989-1907 
depositing, 1999» 1978 
design of reinforcement, 1949,1979 
forms, 1940,1074 
materials. 1994,1990 
mixing, 1987,1979 
proportionitig, 1897,1971 
quality and working stresses, 1870 
reinforoement, 1941,1874 
wat«r«proofiiii end protective tregtineiit, 1949, 
1994 

Cooerele Stedi Company, 917 
Oonorote waHs* 910 

Conenitiiio vlabt tor foundation work, itf 
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Conourrent forooe, composition of, 8, 8 Contracts, quantities of work, lift 

equilibrium of, 9,10 quantity surveying, lUt 

rc^ution of, 8 retained percentages, I1S8 

Conklin, Charles D., Jr„ on Standardised industrial signing, 1198 

buildings, 802-809 subcontractors, 1189 

Structural steel detailing, 310-321 supplemental, 1189 

Connection angles between steel members, 285-289 terminating and breaches, 1188 

Consolidated Expanded Metal Company, 1018, 1081 time limits, 1188 


Construction equipment, 848-907 
concrete equipment, 979'991 
excavating equipment, 848-881 
hoists, derricks, and scaffolds. 898-898 
snatoial transporting equipment, 881-888 
miscellaneous, 803-907 
piling and pile-driving equipment, 988-878 
pumping equipment, 878-876 
steel-erection equipment, 800-808 
wood working equipment, 891-888 
Construction in wood, 887-888 
camber in trusses, 888 
action, 888 
methods, 888 
storage of material. 887 
working details, 888 
Construction methods. 818-848 
brick work, 841-848 
construction in wood, 887-888 
elevator and stair work, 848-848 
excavating, 884-888 
floor construction, 880-887 
foundation work, 888-888 
mechanical trades, 848-848 
preparation of site, 880-884 
sequence of finishing trades, 848 
stone work, 889-841 
structural steel work, 888-880 
system and control in building, 818-810 
Continuous beams, 42-49 
Contracts, 1117,1180-1188 

alterations and converting, 1188 
arbitration, 1184 
architect, 1181, IIM 
bonds, 1118 
buildeis, 1180 

oertifled cheeks and bidding bonds, 1188 

eonstruotion materials, 1184 

cost-plus-bonus, 1188 

cost-pIuB-fees, 1184 

eost-pius-peroentage, 1184 

day labor va. contracting, 1181 

engineen, 1181 

extra 1188 

Icrmrttf, 1123 

general contractor, 1188 

law d, lUf 

laws prebminary to, 1188 
InmpHmm, 1188 
inake9p,1189 
movfiig bnildinis, 1188 
owner, liil 
imriies to, 
peyiii^ts, Ilif 
fNHwisitnge, 1180 

1184 

pl|»t9bioi 1*8101 d wages, 1118 

isiliaidik 1188 

piUie ailf Mta 


unit-price, 1188 
wrecldng buildings, 1181 
Convention halls, 732 
Cork tile floors, 455 
Cornices and parapet walls, 630-633 
Corp, Charles I., 1888, 1888 
Corr reinforcing system, 1018 
Corrugated iron or steel, costs, 1091 
lath, 978 

Cost data for building operations, 818 
Costs of steel buildings, 1060-1088 
Couple, definition, 7 
Courthouses, 729 
Cover plates for steel beams, 117 
splicing, 285 
Covering, pipe, 1841 
Cranes for building operations, 880 
Crowell-Lundoff-Little Co., 805, 806 
Cummings reinforcing systems, 1018 
Curtain walls, 623 

Daily report of building operations, 880 

Dance halls and academies, 742 

Data, structural, 332 716 

Day, W, H., 1478 

Day labor versus contracting, 1181 

Daylight illumination. 1417-1481 

Dead load, definition, 2 

Dean, F. W., on Slow-bummg timber mill construction, 
399-405 

Definitions of terms, 3-6 
Deflection of beams, 40, 49, 100, 116 
Deformation, 3 
Derricks. 888-897 
fixed, 861 

for erecting steel frame buildings, lit 
Designing and detailing structural members, 95-331 
bearing plates and bases, 227-229 
cast iron columns, 204-208 
lintels, 123-126 
concrete columns, 212-226 
detailing, 321-831 
masonry arches, 299-304 
piers and buttresses, 305-308 
plate and box girders, 184-191 
purlins for sloping rods, 191-197 
rddoroed conoreta beams and ainba, 127-174 
apHoce and connaotioiis* steel members, 
260-298 

wooden members, 231-280 
steel beame and girders, 115-123 
cotumns, 80S-212 

sbiqies end propertiei d seetloMf 85-98 
■tmetural steel detdling* 810-881 
tension membeta, 889-831 
timber clet«mni, 808-810 
trooden beams, 90«114 
wooden ednmns, 197-804 
didsm, 174-188 
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Dettfoiiig data, 717-811 

iMSouitios of buildiagR, 754-761 
arohiteotural designs, 717-728 
clearanoes for freight tracks and automobiles, 
809-811 

comfort stations, 777-783 
farm buildings, 783-787 
industrial plants, 787-802 
office buildings, 773-777 
public buildings, 728-753 
school planning, 761 >773 
standardised industrial buildings, 802-800 
Detention buildings, 746 
Determination of reactions, 18 
Dewell, Henry D., on Construction in wood, 8S7-889 
Floor and roof framing, 385-399 
Splices and connections, wooden members, 
231-260 

Timber, 908-918 
Timber detailing, 308-310 
Wooden beams, 08-114 
Wooden columns, 197-204 
Wooden girders, 174-183 
Diamond drill borings for foundations, 351 
Diaphragm pumps, 878 
Diary of building operations, 810 
Dibble, S. £., on Plumbing and drainage, 1818-1161 
Diesel shovel, 849 

Doerfling, Richard G., on Domes, 705-716 
Dollies, 900 
Domes, 705-716 
dead loads, 706 
definitions, 705 
framed, 706 

framing material and cover, 713 
reinforcement, 716 
snow load, 706 
soUd, 713 

stress diagrams, 707 
formulas, 701 
wind pressure, 705 
Doom. 636-640 

alignum fireproof, 639 
cross horisontal folding, 637 
freight elevator, 638 
hand and bevel, 1078 
hoUow metal, 638 
hospital and hot^, 637 
kalameined, 638 
metal clad, 639 
office building, 636 
Pyrona, 638 

refrigerator, in cold storage buildings, 637 
resideneo, 636 
revolving, 639 
steel, 638 

Double^layer beam girder, 117 
Drag serapers, iOi 
Drainage, 1118-1888 
lor ground fioort, 459 
olrooli^ 605-609 
Dndna, floor, regnl at iom , 1848 
bmiiie. m$ 
regulaliomi, 1889 

Dredped weiffii for loundatloiia, 8# 


Drill steel and bite, 881 
Drills, air and electric, 801 
for rook excavating, 888 
Drinking devices, 1888-1884 
bubbler fountains, .1888 
Drop hammers for pile driving, 888 
Dry closets, 1810-1818 
Dumb>waiters, 1448 
Dynamites, 887 

Eccentric connections between steel members, 2h9 
force, 4 

loading on foundations, 359 
Economisers in chimneys, 1181 
Elastic limit, 3 

Elasticity, modulus and coefficient of, 3, 6 
Electric elevators, 1484 
El(H!tric lighting, 1887-1481 

design of lighting systems, 1898 
distribution curves, 1888 
of light, 1887 

essentials of good illumination, 1890-1898 
^oben and shades, 1408 
industrial lighting, 1411-1415 
lighting accessories, 1407 
office lighting, 1409 

quantity and distribution of light, 1895 
reflectors, 1408 
residence lighting, 1418-1417 
sdeotion of units, 1894 
size and location of lamps, 1401-1407 
types of lighting systems, 1898 
units of illumination, 1889 
window locations, 1419 
Electric refrigerators, 1488 
Electric Welding Company, 1019 
Electrical equipment, 1858-1885 

alternatingocurrcnt generators, 1850 
motors, 1850 
armored cable, 1878 
calculation of D-C. circuits, 1864 
center of distribution, 1859 
circuit, 1857 
circuits, kinds of, 1857 
current, 1884 
currents, kinds of, 1857 
cut-out panels and cabinets, 1877 
distributing systems, 1879 
electromotive force, 1854 
energy, 1858 
flexible conduit, 1871 
fuses, 1878-1875 
heat developed in a wire, 1855 
household appliances, 1851 
induction motors, fuse and wire sites for, 1874 
interior wiring, 1881 
knob and tube wiring, 1878 
maebtnes and apparatus, 1888 
Ohm's law, 1888 
outlet boxes, 1878 
parts of a circuit, 1888 
power, 1888 
pressure, 1884,1855 
proteotioii of eireuits* 1578 
lesistimee, IM 
rigid eottd^t, 1889 
spedfiesfliolis, 1181 
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£tetjrie»l aqtti|N>ieiit» awitehes* liTt 
ff:f]nbola for wiring plana, IBM 
tbroo»wire aswUma, IBM 
rdtage drop, IBM 
oaloulation of, IBBf 
wire meaauremento, IBM 
required, determining, IBM 
wiring concrete butidinga, I BM -I BM 
methoda, IBM 
table, IBM 

Eieotrolyna aa a danger to foundations, 358 
Elementa of atruetural theory, 

bending and direct atreaa, concrete, 68-79 
wood and steel, 64-68 
oolumna, 58-64 

computing atreases in trusses, 49-53 
definitions of terms, 2 
principles of statics, 7-17 
reactions, 17-22 

reetrained and continuous beams, 42-49 
shears and moments, 22-34 
simiile and cantilever beams, 34-41 
stress and deformation, 3-6 
stresses in roof trusses, 53-58 
unsymmetnoal bending, 79-94 
Elevator and stair work, B4 B -i4i 
shafts, 649 
wells, 416 

Elevators, 14B4-IMB 

automatic dumb waiten, 144B 
capacity and loading, I4BT 
chutes. 14M 
dearaaoes, 14M 
control ssrstems, 1441-1445 
counterbalancing, 14B4 
dectrio, 14B4 
esealatorB, Ii49-14M 
for bnUdiag materials, B4B 
batdiway construction, I44B-I44T 
indined, 14M 
layout, 14M 

loeatioin of machine, I4M 
micro leveling, 1440 
dl buffers, 14M 
opsrationt I4M 
rope oompsnaataon, I4M 
safeties, I4M 

•piial^gravity oonveyors, 14M 
Bjaperger coinmna, 218 
Bngincs, power, IBM 
BSqaadoat for stresses in roof trusses, 54 
BquiBbriiiin of ooncuiTent forces, 9, 10 
icrcsSf 7 

a«Na*ecioeiirreiit forces, 12 
BqabMBMt* dcotrieat, IBBB-IBM 
caMaTatlag,BM-MI 
lor eoaatractiott, BiB-BOf 
BMCdai cqulpinttttlcr sted frame buikbngs, BM 
IfrodatcM* I4M-I4M 
mimmm tMMMwtc buildings, 
mua and cidie, IBM 
ciibcrwidttin rubbing, AIM, MM, MIB 
cclitiiiBi, IBM, 1104 
CCMfiti, MMddcs, lBBB-tM4 

paasis, fctttts foTr^litf 


Estimating concrete buddings, engineering and idans, 
IIM 

eaeavation, IlOf 
floor and roof slabs, 1191, IIM 
footings, IBM, 1104 
forms, unit price, IIIB 
formwork, U04-II0T 
foundation walls, lOM, 1104 
glass and glasina. IIM 
grandithio finish, IIM, IIIB 
interior floor beams, IlOB, IIM 
lialdlity insuranee, IIM 
light iron work, IIM 
masonry, IIM 
painting, IIM 
partitions, IIM, IIM 
paving, IIM 
plastering, IIM 
profit, 1110 
quantities, IMT 
reinforcement, HOT 
unit price, llli 
roofing and flashing, IIM 
stairs and landings, IIOS, IIM, IIIB 
sted sash, IIM 
sundries, 1110 

superintendence, office, etc., 1110 
unit prices, 1110 
wall beams, 1101,1100 
window sills and copings, llOt, IIM, IIIB 
Estimating steel buildings, lOBO-IOM 
backfill, lOM 
brickwork, lOM 
carpentry, IMI 

composition roof coverings, 1MB 
corrugated iron or sted, IMI 
erection of structural sted, lOM 
excavation, IBM 
general fidd expenses, 1090 
glasing sted sash, IBM 
inspection of site, IBM 
nails, IMI, lOM 
painting, 1MB 
pumping and bailing, lOM 
samide, for foundation, IBM 
shoring, lOM 

sted sash and operators, IBM 
structural sted, IBM 
Euler's formula, 60 

Evans, Ira N., on Heating, ventilation, and power, 

1144-1944 

Evans' vacuo beating system, IIOB-IIM 
Excavating, 368-BM, OM-BM 
oompressed-afr caiseons, BM 
open eaissoiii, BM 

protection of adiacent structures, BM 
rock excavation, BBB 
sheet piiittg and shifting soils, BM 
shoring, sheeting, and undctpiMIbg, 414, 
steanHfficvd, M4 
Exeavatbig cquipMcM, B4Mil 
concMte bMkir, ilt 
CMIMM, BM 

MMOB. 

MW 

4nsd dcidcha, BM 
lariWti«.ieMIM 
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Exb»Ti^i»f 6quipm«n(» grab buokett, SM 
handling biiokeitt M4 
picks, SM 
plows. SM 

pneumatic clay spaders, SSI 
power shovels, S4S 
rook drills, SSS 
scrapers, SiS 
shovels, hand, SM 
Excavation, costs, 1S8S 
estimating, IIST 
Excavations, pumping, SS7 
Expanded metal, 1011 

and plaster partitions, 027 
Explosives for rock excavation, SM 
Exposition buildings, 741 

Factor of safety, 5 
Factories, foundations for, 307 
natural lighting, 1410 
Factory lumber, SIS, OtS 
Fair park buildings, 739 
Farm buddings, 783-787 
cattle barn, 783 
horse barn, 786 
manure pit, 786 
swine barns, 787 

Fiber stress coefficients for beams, 90 

in unsymmetrieal bending, formulas, 79 
FiUers, lOSS 

Filters f<»r sewage disposal, ItSS, 1199 
Filtration of water, 1191 
Financing a building project. 1111 
Finishing trades in building operations, S4S 
Fire engine houses, 731 

prevention and protection, 336 
Fire protection of struotural stc^el, 337-343 
brick, 340 
concrete, 340 
coverings for steel 338 
effects of heat in steel, 337 
hollow day tile, 339 
intensity of heat in a fire, 338 
plaster, 341 

resistance of materiala to fire, 339 
selection of protective covering, 341 
thickness of protective covering, 342 
FircKredstive column oonstruotion, 343-345 

covering for cylindrical columns, 343 
hollow tile oolumns, 343 
reinforoed concrete columns, 348 
sted columns, coverings for, 343 
Fire*rosistive floor construction, 345-349 
brick arch floor construction, 347 
fire testa, 345 
Herculean flat arch, 349 
hoBow tOe fiat arch, 347 
New Tcrk reinforced tile floor, 349 
pvptcctiiig eted girders, 84S 
retnfnroed eniiorate floors, 346 
tofittimiienis, M5 
•o^iFpera# 84S 
itfiiSiiiM 

dissM s««ih, 84S 

m 



Fireproofing buildings, 405 
Fish plate splice, 250-252 
Fittings, pipe, mt-1144 
Flange angles, splicing, 284 
Flange buckling of beams, 40 
Flanges of plate girders, 184 
Flat slab oonstruotion, 441-453 

A C. I. standard regulations, 443 
design diagram, 447 
standards, 443 
detailing, 324 
length of bars, 447 
moment coefficients, 446 
rectangular panels, 450 
dab and drop thickness, 416 
supporting and securing reinforcement, 45S 
t 3 rpes of flat slabs, 441 
Flat dabs, specifications, ISSO 
Fleming, H., nuotetd on the use of bolts, 271 
Flexural modulus, 81 

Flexure formulas for reinforced concrete beams and 
dabs. 127 

Flitch-plate girders, 179 
Floor and roof framing, concrete, 418-441 
bwr supports and spacers, 419 
beam schedules, 437 

collapsible wood forms for flrmr construe* 
tion, 437 

gypsum floor-tile construction, 436 
hollow-tile construction, 426-436 
long span rectangular beams, 424 
marking of bent rods, 421 
metal floor-tile construction, 436 
Hawsome unit system, 438 
saw-tooth roof construction, 439 
screeds for floor slabs, 420 
dab steel arrangement, 418 
T-beam design, 422 
Floor and roof framing steel, 405-418 
timber, 385-399 
arch systems, SSS 

beams in bridge construction, effect on shears and 
moments, 26 

Floor construction, eonen^te SS0-SS7. 

bending and placing reinforcement, SSS 

centering for floors* SSO 

concreting in hot and cold weather, SSS 

finishing concrete surfaces, SSS 

floor arch systems. SSS 

forms for concrete, 831 

handling and storage of concrete materials* 

SSS 

measurement of materials, SSS 
mixing concrete, SSS 
placing of concrete, SSS 
T-beams in, 142-147 
transporting oimcrete, SM 
Floor construction, fire-resistive, 845-349 
Floor construction, steel, 405-419 
beams connections, 412 
cdumli connections, 413 
conorete fioovs, 407 
connections of parts, 412 
elevator wdls, 419 
Sirders, 410 
MatitSlO 


pipe shalhh 
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Floor oonotruotion, steel* seperetors, 414 
stair wells, 415 
tile arch floors, 406 
wood floors, 405 
Floor framing timber, 385^301 
bridging, 386 

columns, connections to, 386 
girder arrangement. 386 
mill construction, 305-399 
sheathing and joists, 385 
stud partitions, table, 389 
typical floor bay design, 388 
walls, connections to, 386 
Floor loads, 332 

openings and attachments, 458 
Floor surfaces, 453-458 
asphalt, 457 
brick, 455 
cement, 456 
composition, 457 
foundations for tile floors, 456 
glass inserts in sidewalks, 457 
hardwood, 454 
linoleum, 457 
loading platforms, 455 
parquetry, 454 
refinishing wood floors, 454 
softwood, 453 

supports for wood floors, 455 
terraso finish, 457 
tile, 455 

trucking aisles, 455 
wood, 453 
blocks, 455 
Floors, concrete, 407 
hollow-tile, 426-436 
in timber mill construction, 408 
tile arch, 406 

wood, in steel framing, 405 
Folding doors, 637 
Footings, 370-385 
briek, 371 
column, 371 
combined, 376 

continuous exterior column, 382 

estimating concrete for, 1698 

formwork for, 1104 

heavy wall, 371 

ludkt waU, 370 

piers sunk to rook, 384 

pHes, under reinforced concrete, 384 

plain concrete, 370 

raft foundations, concrete, 383 

rectangular, 376 

r^ttforoed concrete, for columns, 372 
single 873 
doped, 873 

1868 

«t«ppsd,376 

ited beam and girder, 885 

itofle, 371 

aralbm 

wooden gifflagc, 870 
for^ dedniidmi^ 7 


Forces, concurrent, composition of, 8, 0 
equilibrium of, 9,10 
resolution of, 8 
definition, 2 
moments of, 17 

non-concurrent, composition and equilibrium of, 12 
reactions, 18 

Forms for concrete, 8S1, 878 
specifications, 1646 
Formwork, estimating, 1164-1167 
unit price for, 1112-1115 
Foundation work, 828-628 
concreting plant, 887 
damage by rainfall, 887 
forms and reinforcement, 888 
pumping of excavations, 827 
waterproofing of foundations, 828 
Foundations, 886-389 

allowances for uneven settlements, 356 
auger borings, 350 
bearing pressure, 359 
building on old, 355 
cantilever construction, 359 
characteristics of soil, rock, etc . 351-354 
churches, 357 
city buildings, 357 
cofferdams, 365 
concrete-pile, 362 
raft, 383 

diamond drill borings, 351 
dredged wells, 369 
eccentric loading, 359 
effect of climate, 355 
electrolysis, 358 
excavating, 363-369 
factories, 357 
loads on, 354 
partly on rook, 358 
pneumatic caissons, 365-369 
poling board method, 365 
residences, 356 
rod test, 350 
rust, 368 
sand-pile, 363 
sheet-piling, 363 

soil testing for bearing capacity, 851 
survey of site, 350 
test pits, 351 
wash borings, 350 
water-tight cellars, 369 
waterproofing, 356 
wood borers, 359 
wooden pile, 360-362 
Foundries, 798 
Frame walla, 620 
Freight elevator doom, 688 

loading tracks, olearanoes for, 806 
Fuel, 1888 

oombttstioii, 1888 
consttinptiom 1888 
smoke, 1188 

storing and piling coal, lilt 
Fuller, William J., on ipiUcm and eiwneetioni: tAvA 
members, 260 
Fumeces, 1166 
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Qm fitting, Ifitfi-lfitt 
flow of gM, i4Sl 
installing pipe, 14flt 
pipe, ifififl 
fittings. 1430 
testing, 148S 
tools used, 1431 
Gas lighting, 14S3>14i3 
definitions, 1433 
design of system. 1434 
lamps, 1433 

semi-iiidireot illumination, 1437 
Gasoline shovel, 343 
tanks, 657 

General Fireproofing Company, 948, 970, 973, 1013, 
1014 

Generators, alternating-current, 1340 

Oilman, Harry L., on Industrial plant layout, 787-802 

Girder, definition, 2 

Girders, design of wind-bracing, 664 

gravity and wind bending stresses in, 668 
in floor construction, 386 
roof construction, 302 
steel floor framing, 410 
plate and box, 184-191 
protection of steel, 346 
wooden, 101, 174-183 
Glass and glasing, 1043-1009 
colored, 1048 
costs, estimating, 1090 
defects, 1003 
estimating, 1108 
glasing, 1049 
grading, 1043 

metal store-front construction, 1049 

iflirrors, 1044 

physical properties, 1043 

polished plate glass, 1044 

prism glass, 1047 

processed glass, 1048 

putty, 1049 

raw materials, 1043 

sidewalk glass. 457, 1087 

skylight glass, 611 

special, 1048 

window glass, 1043 

wire glass, 1044 

Gordon tsrpe of formula for columns, 206, 308 
Gordon's formula for stresses, 61 
Grab buckets, 843 
Granite for building, 933 
Graphical method of joints, 54 

treatment of the method of sections, 52 
Gravol, characteristies, 354 
Gravity tanks, 658 
Grillaga beams, 118 
Grillages, setting, 838 
Grinders, air and electric, 901 
Ground floors, 459 
Gypsum and its products, 988-491 
elsiaifisation, 984 
partition tile or block, 989 
til4ri«r board, 987 
pHasttMfi, 998 
board, 919 

Omm bleak partittons, 437 
fioflomUeacmitroeillon, 434 


Hardpan, oharooterisrics, 853 
Hardware, 1071-1077 
adjusters, 1074 
bolts, 1078 
butts or hinges, 1078 
finishing, 1071 

hand and bevel of doors, 1078 
locks, 1073 
miscellaneous, 1076 
rough, 1071 
window pulleys, 1078 
Hardwood flooring, 454 
Hart, W. E., on Stucco, 981-898 
Hauck Manufacturing Company, 907 
Hauer, Daniel J., on Contracts, 1130-1188 
Specifications, 1138-1141 
Heat, effect of, on steel, 337 
intensity of, in a fire, 338 
Heating, 1147-1198 

air-line vacuum systems, 1190 
allowances for persons and lights, 1188 
B.T.U. losses of building materials, 1184 
calculation of transmission, 1183 
climatic conditions in the U. S., 1180 
coefficients for different materials, 1183 
combined heating and power, 1193 
comparison of systems, 1198 
costs of systems, 1197 
Donnelly positive differential system, 1191 
Evans* vacuo system, 1193-1198 
flues and hot-air pipes, 1181 
forced hot water system, 1173-1178 
furnaces, 1180 

gravity hot water system, 1178-1179 
high-pressure steam system, 1193 
hot-air furnace system. 1179-1184 
water with condensing reciprocating engines, 

1193 

indirect heating system, 1184r-1190 
infiltration, heat loss by, 1188 
inside temperature, 1149 
location of radiators, 1188 
low pressure gravity steam system, 1188-1173 
measurement of flow of fluids, 1188 
pipe coils, 1168 
principles of piping, 1188 
radiation, 1188 
radiators, 1184 
return pipes, sise of, 1171 
selection of a system, 1196 
steam pipes, sise of, 1188 
transmission of heat, 1147 
unit fan heaters. 1190 
vacuum exhaust steam system, 1191 
steam system, 1190 
vapor systems, 1191 

Heating and power generating ssrstem, 1103 
Heating, ventilation, and power, 1144-1344 

boilers, fuels, and chimneys, 1314-1383 
beating. 1147-1193 
piping and fittings, 1339-1344 
power, 1333-1139 

properties of air, water, and steam 1144-1147 
ventilatioa. 1194-ttl4 
Hennebiiiue reinfcrchif system, 1080 
Herculean flat arch, 849 
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Hoii&ger» Atoold C., on Footmss» 370-385 
HoUtfiuier, E., on Elevators, 14t4-i4i8 
Hollow building tile, res Stnietural clay tile 
clay tile for fire proofing, 339 
metal doors, 638 
windows, 635 
tile eolutnns, 343 
eonstruetioii, 426-436 
flat*areh fioors, 347 
Homes, charitable, 751 
Hod, George A., on Cement, t6f-967 
Computing stresses in trusses, 49-53 
Prittdples of statics, 7-17 
Reactions, 17-22 
Shears and moments, 22<34 
Hospital buildings, 751 
Hot«air furnace system of heating, 1179-1164 
water service and heating mediums, 1319 
systems of beating, 1171-1179 
Hotels, 731 
House tanks, 665 

Howe, Prof. M. A., formula for allowable pressure on 
timber, 248 

Hydraulic data, lli6-1167 

capacities of pipes, ratio of, IMS 
fire streams, 1M4 
flow of water in pipes, IMl 
loss of head, IMl 
pressure of water, 1160 
rain leaders, 1166 
sprinkler systems, 1M4 
standpipe and hose systems, 1166 
Hydraulic Hme, 991 
rams, 1M7 

I4)eam joist, 90t 

lee manufacturing plants, 1496-1467 
Igneous mdea for oonorete aggregates, 991 
mumSiiaticin, daylight, 1417-1411 
electric, 1107-1411 
ImholF tanks for sewage, 1194,1199 
Indnermtor doOets, If 11 
Indirect heating system, 1114-1190 
Indimtrial buildiiigs, standardised, 802-809 
hours for women, 748 
lighting, 1411-1419 
Industrial planta, 787-802 

ebemioal industries, 800 
eofekdiiili, 794 
eranea, 794 

iaa paatnaikon and proteotion, 795 
fiocii, 793 
forge abopa, 799 
foundaiions, 793 , 

looiidliee, 798 
hfilhii npd Tentdation, 794 
tarminshi, 791 

{nduatnr, 797 
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Industrial plants, loft buUdlair, 791 
machine ehopi* 799 
materials of eonatruetlan, 799 
metal working induetriee, 797 
pattern ebopc, 799 
ptanning for growth, 796 
power plants, 796 
preparatimk of plans, 788 
pulp and paper mills, 800 
shipping facilities, 789 
shoe factories, 801 
site, 787 

textile mills, 800 
transportation, 794 
type ol buildings 701 
wood-working Bhop**, 700 
InduBtrial schools, 748 
Infiltration galleriei, 1149 
Influence lines, 30 
IngersoU Rand Company drills, 060 
Insulating matenain, 1069-1070 
Insulation of walls 623 

Jacoby, Prof., formula for allowable pressure on timber, 
249 

Jails, 747 

Jansky, C. M , on Cuminunieating systems, 1400-1479 
Electric lighting and illumination, 1317- IMi 
Electrical equipment, 1313-1336 
Gas fitting, 1419-1433 
Gas lighting, 1411-1433 
Lightning protection, 1477 1479 
Jeffrey Manufacturing Company b<4t conveyors, 164 
Jetting, in driving piles, Itt 

Johnok, Frederick, on Cornices and parapet walls, 630 
633 • 

Dorns, 636-640 
Office buildings, 773-777 
Partitions, 625-630 
Walls, 615-625 
Windows, 633-635 

Johnson, J. B., formulas for timber edumns, 199, 200 
Johnson, Nathan C , on Concrete aggregates, 997-1001 
Reinforced oonorete, 1011-1011 
Jomt code for reinforced concrete, If07-lii7 
Joints, lap and butt, 271- 279 
computations, 273 
dengn of, 378 

distribution of stress in, 272 
effieieney, 279 
failure of, 272 
friction in, 272 
net seotioiis, 175 
Joist hangars, 256 

Joists and girdefs, conneotions between, 254 
in eted floor framing, 410 
spaeittg of, In floor eonstruetion, 385 
steel, 917 
wooden, 100 

epedflentione, 94 14 Ii i 9» till 
Jones aid l4m#kUn Sled CoTiNMmeUH^ 
eted sheet piflikt* Iff 

Kahn rdalorokii eystem, 1917 
doeia, 639 

KaltAinAMCltapnoy*^ 

Knm, teney E., ey Oi•mnlddM^h i9 < 9 9199 
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Ki4«r«U, Bd«iur* ieiti pn 176 

lOiMi, fmak R.« on MuMimt ^eirSoetf. 

Humbiac and dr»iii«i« tegoUtioxM, ttii^UU 
Ftil)|fo oomlore mUmn, 777-783 

toUet oonvanionMR, lilKKltll 
Kinftlayt H. m Frotootloa ol •truetural bM 
ixom. fi»»i 337-348 
atniotural cttasr tile, 

Kinae* W. 8.t oa AtoIicmI roof trumoa, 663-584 
PcaSca ol pufiias for aioping roof, 191-197 
Detailed derign of a ateel roof truae, 531-547 
Detailed design of a tmee with knee braoea, 548-564 
Detailed design of a wooden roof truss, 5U-531 
Ornamental roof trusses, 585-594 
Roof trusses, general design, 460-475 
Roof trusses, stress date, 475-510 
Unsymmetrioal bending, 79-94 
Kirofaoffer, W. G., on Sewage disposal. ti83-li99 
Water supply data and equipment, IMi-lMT 
Knee-braoed roof truss, 548-564 

Knight, W. J., on Floor and roof framing, concrete, 
418-441 

Reinforced concrete beams and Hlsbs, 127-174 

Lacing on sted eolumns, 206 
Lackawanna steel sheet piling, 366 
Lacquer, 1067 

La Gaard, Prof., concrete column formulas, 212-226 
Larssen steel sheet piling, 067 
l.ateral resistance of nails, screws, and bolts, 232-244 
support for wooden beams, 100 
of compression flange, 116 
Lath, metal, 967-976 
oorrugated, 978 
general uses, 973 
integral, 978 
ribbed, 970 
sheet, 973 
weights, 974 
wire, 973 

Lattioe on steel columns, 200 
Lead burning, 1317 
Liability insurance, estimating, 1110 
Libraries, 730 

Lighting, ^eetrio, 1807-1481 

equipaMmt for omsstruction work, 906 
gat, 1488-1488 
IJgbtning eonduetors, 705 
Lightning protection, UT7-1479 
electrical conductors, 1477 
instaliation of lightning rods, 1478 
nature of lighiniitg, 1477 
Lime,976-981 
hydrated^ 977 
mortar, 979 
plastert978 
mateililt f or, 979 
OlMlailtii epaoifioatioBs, 900 
produeti in cement mortar, 979 
997 

Tifniiifmirtii 487 


Load, definition, 2, 3 
Loads on ootufims, 58 
foundations, 854 
roofs, 472-477 

S9$ aUo Shears and moments 
Loam, characteristics, 353 
Locks, 1071 
Lockup, 746 
Loft buildings, 791 
Long span oonstruction, 675-682 
Lord, Arthur R., on Concrete columns, 212-226 
Flat slab oonstructioii, 441-453 
Lug an^es in connections, 288 
Lumber, daasifioation of. 911 
measurement, 916 
metal, 966 967 
aises, 917 

speoifioationr for grades. 1491 
Luten truss, 1080 

MacGregor, Prof., test« on mortars, 978 
Machine drills, S68 
shops, 798 

McMillan, Prof, concnte column formulas, 212 
Macomber Steel Company, 967 
Magnesite stucco, 966 
Mahon (R. C.) Company. 964 
Mail chutes, 686-687 
Marani, V. G., 989 
Marble for building, 966 
tile floors, 456 
Marine borers, 339 
Marion Steam Shovel Company, 880 
Marl, characteristics, 353 
Masonry arches, 299-304 
brick arches, 300 
definitions, 299 
depth of keystone, 299 
external forces, 301 
forms of arches, 300 
hne of pressure, 301 
Masonry, estimating, 1100 
Materia] transporting equipment, $61-006 
belt conveyors, 068 
motor trucks and tractors, 868 
wagons, 868 
wheelbarrows, 861 
Mausoleums, 743 
Maximum shear, 24 

Mayers, Clayton W., on Estimating concrete buildings, 

1097-lllg 

Mechanical refriger a tion, 1460-1468 
absorption system, 1461 
compression system, 1460 
domestic installations, 1400 
ioe manufacturing plants, 1466 
measurement of refrigerating effect, 1469 
method of spplteation, 1408 
propoar ti oning of ooeding surface, 1494 
praetiosl notes, 1467 
rating of maohinss, 1416 
refrigerating load. 1468 
mediumi, 1469 
Meshaniesl stolms, 1898 
trades. 

Memorial biiildiiigi, 748 
Merchaadiss, table of treights, 334 
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Metal dad doon* 639 

floor-tile conetniotioa. 436 
lath. 967^976 

Metal lumber. %W^WI ^ 

I-beam joiet. 999 
open-type trues, 997 
plate-girder joists. 999 
steel joists, 997 
roof deck, 994 
studs. 991 
types, 999 

Method of sections, algebraic treatment. 90 
graphical treatment. 52 
Military buildings. 742 
Mill construction, 399-300 

slow burning timber, 300-405 
Milwaukee Corrugating Company, 994, 999, 971, 979, 
1019 

Mixers for concrete, 990 
Modul of elasticity, ratio of, 0 
Modulus of elasticity, 3 
rupture, 5 

Moment, bending, 22 

distribution in continuous beams, 147 
in continuous beams, 46 
of a force, 7 

Moments and shears, 22-34 
of forces, 17 
Monitors on roofs, 418 
Moore, I>ewis £., quoted, 07, 209 
Morris, Clyde T., on Bearing plates and bases for 
beams, girders, and columns, 227-229 
Bending and direct stress, wood and steel, 64 
Steel columns, 208-212 
Tension members, 229-231 
Mortar, lime, 979 
Mosaic floors, 456 
Motor trucks and tractors, 999 
Motors, alternating current, 1990 
Moulton, A. G., on Construction methods, 919-997, 
999-949 

Multiple beam girders, 117 
Municipal bnUdinga, 730 
Musio halls, 741 

Nails, 281 

estimating, 1091,1094 
lateral resistance of, 232 

National Concrete Company, lOf 1 * 

National Steel Fabrie Company, 1007,1014 
Natural illumination, 1417-1411 
New Yoric reinforced tile floor, 349 
Non-eoneurrent foroea, composition and equilibrium of, 
12 

determination of reactions, 18 
Normal achools, 738 

Nortbwestefa iSxpanded Metal Company, t99» 970, 
979,1019 
Notatlofi, 1400 

OfBoelmildiJigi. 770-777 

arrsngement of offioes* 774 
column spacing, 777 
doors* 636 
ipqrOid^, 774 


Office buildings, office requirements, 776 
pipe and wire shafts, 774 
story height, 776 
toilets, 774 

type of construction, 774 
Open-type truss, 997 
Orange-poel buckets, 999 
Orders of architecture, 710 
Ornamental roof trusses, 585-594 
Owen, Allan F., on Clearances for freight tracks and 
automobiles, 809-811 
Floor openings and attachments, 458 
Floor surfaces, 453-458 
Ground floors, 450 
Retaining walls, 688-606 
Oxyacetylene cutting, 901 

Paint. 1090-1099 
application, 1099 
cold-water, 1099 
composition, 1090 
dryers, 1099 
drying oils, 1049 
evaluation, 1090 

formulas, specifications and tests, lOiO 
functions and properties, 1060 
interior walls, 1099 
manufacture, 1099 

painting concrete, brickwork, etc., 1094 
pigments, 1091 
preparation for use, 1069 
steel and other metals, 1099 
terms in specifications, 1099 
thinners, 1099 
Painting, 1099 

estimating, 1109 

Parabolic formula for stresses, 62 
Parapet walls, 604, 617, 632 
Park buildings, 741 
Partition deadening, 623, 628 
Partitions, 625-630 
brick, 625 

cold storage buildings, 628 
concrete, 626 

expanded metal and plaster, 627, 628 

finishes, 629 

fireproof, 625 

gypsum blocks, 627 

lith, 628 

non-fireproof, 627 
plaster board, 628 
sound deadeners for, 623, 628 
tile, 626 
toilet room, 630 
waU board, 628 
wood and plaster, 627 
Party walls. 622 

Peabody, Arthur, on Arefaiteetural detigii, 717-728 
Arehiteotursl praotiee, 1U9-1119 
Arehiteotural timber work, 989 
Fam buildinga, 788-787 
Mafl ehtttes, 986-687 
Publio bttildihis, general desIgB, 728-793 
Swimmiiig poole, 688-086 
Feat, ehairaeteristioi, 898 
FeoUeiitiaHei, 748 
Fhotogimphs of bufldlng site, M 
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Piokardy Glenn H., on Paint, varnish, etc., tOfO-lOit 
Pier oonstruotion of walls, 616 
Piers and buttresses, 305>808 

designing for stability, 307 
methods of failure, ^5 
principles of stability, 306 
Piers, brick, tests on, 

under foundations, 384 
Pigments, paint, 1061 
Pile driving, tIl~6S4 

foundations, concrete, 362 


wooden, 360-362 

Piles, reinforced concrete footings on, 384 
Piling and pile-driving equipment, SiO-OTI 
caps for piles, 671 
drivers, 667 
hammers, 668 
points or shoes, 671 
pulling sheet piling, 678 
sheet, 363, 686, 666 
steel sheet piling, 364, 666 
wood sheet piling, 666 
See aleo Excavating 

Pilts, A. W., on Metal lumber. 666, 667 
Pin-connected reinforcing system, 1080 
Pin connections of steel members, 293-208 
Pintles, 401 

Pipe coils for heating, 1166 
lead, 1616 
shafts. 416 

threading machines, 606 
Pipes and fittings, water, 1866-1867 
cast-iron pipe, 1866 
concrete pipe, 1866 
cost of laying, 1864 
flange fittings, 1866 
screwed fittings, 1867 
wood stave pipe, 1864 
wrought-iron pipe, 1866 
Piping and fittings, 1866-1844 

blow-off and feed pipes, 1841 
fittings and valves, 1841 
flanged fittings, 1866 
joints and flanges, 1866 
pipe, 1866 
pipe covering, 1841 
Plank, specifications. 1464-1606,1611 
Plaster as fireproofing material, 341 
board, gypsum, 667 
lime, 676 

Plasteri&g, estimating, 1106 


machines, 606 
specifieatiotts, 660 
Plasters, gypsum, 666 
Plate and box girders, 184-191 
combined stresses, 186 
flanges, 184 

resisting moment, determination of, 184 
ftyeOng, flange, 186 
ereb, 185 
spUcst^SS 
stiffener iiMlIes, 165 
web, 164 

vsbiferoetiieBt, 166 
Rim cM,, iAi 


Plate girder web spliees, 281 
Plumbing and drainage, 1616-1661 
area drains, 1616 
chemical installations, 1617 
cold water consumption and piping, 1681 
drinking devices, 1888-1684 
hanging fixtures, 1616 
hot water service, 1616 
house drains, 1616 

lavatories, bath tubs, and showers, 1616 
lead burning, 1617 
waste pipe, 1616 

rain water leaders, roof terminals, 1614 
regulations, 1684-1666 
sewers, 1616 
sinks, 1616 

storm water disposal, 1616 
subsoil drains, 1816 

BuggesUons for engineers, architects, etc., 1668 
swimming pools, 1316 
toilet fixtures, 1316 
traps, 1316 
vents, 1616 
waste discharge, 1316 
yard drains, 1316 
Plumbing regulations, 1384-1368 

catch basins, sumps and ejectors, 1848 
explanation of terms, 1887 
floor drains and fixture wastes, 1846 
inspections and tests, 1848 
joints and connections, 1341 
miscellaneouB provisions, 1843 
outside-of-building, 1386 
plumbing fixtures. 1846 
quality and weight of materials, 1837 
repairs and reconstruction, 1848 
sewers and drains, 1386 
surface and rain water connections, 1848 
toilet rooms for public buildings, 1846 
traps and clean-outs, 1336 
within-tbe-buiiding, 1388 
Plumbing work, 848 
Pneumatic caissons, 365-369 
excavating tools, 661 
Poisson's ratio, 6 
Police stations, 746 

Poling board method of sinking shafts, 366 
Portland cement, 668-966 
specifications, 1481 

Positive differential system of heating, 1161 
Post-caps. 260 

Poets, specifications, 1464-1606,1616 
Power. 1883-1866 
auxiliaries, 1886 

comparison of engines and turbines, 1867 
compounding engines, 1886 
condensers, 1886 
condensing water, 1838 
engine valves. 1866 
gas engines. 1868 
prime movers, 1838 
removal of entrained air, 1886 
ateam engUws, 1864 
superheated steam* 1667 
turbines* 1166 
Power plaats* 796 
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PrepmUon of site lor a boilding opmtion, tllMHId 
loMtioii of refmiioe point*, 910 
photogrnphs, iid 
pile driving, tll*^ 
wreektng buildinge, til 
Preseure on foundations, 359 
tanks, 653 

Privies, outdoor, }3fNt-13M 
Properties of wood and steel sections, 96 
ProteeUon of structural steel from ire, 337-343 
Public buddings, 728-753 

charitable purpose buildings, 751 

oburehes, 744 

city halls, 730 

civic centers, 743 

club houses, 731 

oolosseuois, 732 

comfort stations, 742, 777-788 

convention halls, 732 

court houses, 729 

dance halls and academies, 742 

detention buildings, 746 

expositions, 741 

fair park buildings, 739 

6re engine houses, 731 

hospitals, 751 

hotels, 731 

institutions isolated from cities, 753 

libraries, 730 

mausoleums, 743 

military buildings, 742 

municipal buildings, 730 

normal schools, 738 

park buildings, 741 

railway stations. 732 

schools, 738 

state Capitols, 728 

theaters and music hsUs, 741 

tombs, memorials, etc., 743 

town halls, 729 

univerrities, 732-758 

Pulling sheet piUng, 971 

Puleometer steam pump, 974 

Pulver, H, B., on Cement mortar and plain concrete, 

iau-i99i 

Concrete reinloroement, 3991-1911 
Metal lath, 997--979 

Pumping equipment, 971^79, 1197-1177 
air lift pumpe, 1179 
centrifugal or turbine putbpe, 974,1178 
city water lifte, 1178 
deep wed plunger pUmpe, 1199 
dlnphngm pumps, 979 
Ire puuifiSf 1978 
hoseq^wsr tequiredt 1179 
hydvniiHc rnnis, 1197 
power pninpSy 1171 
res^liroeatfaig pumps* 174 
vesideiillid pumping plants, 1174 
romtt dr pumps, lift 

*t«sm|nsmpi^ 974 
iriisiinaii. 1979 

Phrdp# Cqrydmi T., on Shnltsfl bidMifigs, 648*651 





Purlins for sloping roofs, 191-197 
dsxible roof covering* 198 
free to bend* 194 
load carried by* 191 
rigid roof covering, 192 
supported by tie rods, 195 
unsymmetrioal bending, 191 
Putty, 1089 
Pussolan cement, 991 
Pyrona doors, 638 

Radiation, heat, 1188 
Radiators, 1164 

Raft foundations, concrete, 388 
Radway stations, 732 
Rain water leaders, 607,1166 
regulations, 1841 
roof terminals, 1814 
Rams, hydraulic, 1167 
Ransomo unit system, 438 
Reactions, 17**22 

determination of, 18 
Redprooating pumps, 978 
Reformatories, 748 
Refrigeration, mechanical, 1489-1488 
Reinforced concrete, 1081-1081 
beams and slabs, 127-174 
bending and direct stress, 68-79 
Reinfcreed concrete building regulations, 1867-1887 
bond and anchorage, 1879 
columns and wads, 1884 
concrete quality and working strem»««, 1870 
dcOnitions, 1867 
design, 1848,1878 
flat slabs, 1880 

flexural computations and nioiuent ooefli* 
dents, 1878 
footings, 1888 

forms and details of construction, 1874 
materials and tests, 1890 
mixing and placing concrete, 1878 
shear and diagonal tension, 1878 
Reinforced concrete construction, flour and nxif 
framing, 413-441 
joint code, 1887-1887 
spedfications for, 1881-1889 
Reinforcement, 1098-1011 

bam, specifications, 1419-1487 
estimating, HOT 
spedfioations, 1841 
unit price of, 1118 
Reinfordng systems, 1917-19il 
Residences* foundations for* 356 
liiditing, U18-U17 
Resolution of concurrent lorcei, 3 
Restrained and eontinuous bsams, 42-49 
Resultant of forces, 7 
Retaining wale, 633*606 
cantflsver* 091 
masonry, 691 
reittforced concrete* 991 
doping bade 604 
itabOHy* 198 
sioddic«tpili»8, 904 
ctrmitittia Clod OmtOa, 901 
siqqriNrtlpgfn8i^tiacl^ | 
sttiubaiga^ 900 
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Hevolvliig doom, 690 
mb me(«l, mi 
RibbMl l»th. ftO 
Rie«. H., cm BuUding itoneai 
mvBted tettficm membert, 230 
Rivetm air, fOi 
Riveting girdeni» 183» 186 
steel frame work, MO 
Rivets, 260-^271 
dimensions, 261 
direct tension, 270 
driving of, 268 
grip. 262 
holes, 268 
kinds, 260 
location, 263 

shearing and bearing values, 260 
spacing, 266 

Robert Alfred W., on Cast-iron lintels, 123-126 
Masonry arches, 200-804 
Plate and box girders, 184-101 
Bteel beams and girders, 115-123 
Rock excavating eauipment, gfi-iil 
Rook excavation, 018 
Rooks, oharaoteristios, 354 

used as building stones, 084 
Rod spacing in ecdumns, 826 

concrete detmling, 324, 325 
Rogers, H. S., on Cast-iron columns, 204-208 
Columns, 58-64 
Stresses in roof trusses, 53-58 
Roof construction, timber, 301-305 
girders or trusses, 302 
jcdsts, spacing of, 301 
saw-tooth roof firmming, 303 
sbeathing, 301 
Roof deck, steel, 064 
Hoof drainage, 605-600 
catch barins, 608 
flashing, 605 
gutters, 605 

leaders, 607, 1866,1844,1848 
pitch, 605 

slopes on flat stabs, 608 
Roof framing, steel, 416-418 
flat roofe, 416 
hip and valley rafters, 417 
monttors, 418 
pitched roofe, 416 
•aw-tooth ekylighte, 417 
Hoof truiMS, 460-094 
arched* 560-085 

bfceing of rtKde and buUdiiigs, 467 
chdice of seeticms, 468 

cmmecticwie between puriins and roof covering, 

466 

•cMihia derign, 460 
form, 461 
Hdnt details, 406 
10M6lbmmeil* dsrign el» 047*664 
t<iid|!ii|9i, 470 

Ooadih emnidaaticni ed* 474 

iMMsIniai. id 4gi| 


Hoed trusses, spacing, 462 

steel, design of, 531-547 
strem data, 53-58, 475-510 
weight of, 471 
wind loads, 472 
wooden, design of, 511-631 
Roof trusses, arched, 565-584 
bracing, 584 

determination reactions and stresses, 567 
form of, 565 
hingeless arches, 574 
loading conditions, 576 
members and joints for throe-hinged arch, 582 
stresses in braced and ribbed arches, 574 
three-hinged arches, reactions, 568 
stresses, 577 

two-hinged arches, reactions, 571 
Roof trusses, knee-braoed, 548-564 
bracing, 562 

conditions for design, 553 

design of members and columns, 566 

form of, 548 

girts, 561 

joints, 560 

Btrees determination, 548 
stressee in members, 554 
Hoof trusses, ornamental, 585-504 

architectural timber work, 585 
combined trusees, 503 
hammer-beam truss, stresses, 502 
joint details, 594 
scissors truss, stresses, 587 
Roof trusses, steel, 531-547 

bracing, design of, 547 
conditions of design, 531 
estimated weight, 543 
joints, design of, 538 
loadings, 532 
members, design of, 585 
minor details, 542 
purlins, design of, 533 
sheathing, design of, 532 
stresses in members, 533 
top chord, design of, 543 
type and form, 531 

Roof trusses, stresses in, 53-58, 475-510 
algebraic method of sections, 53 
graphical method of joints, 54 
loa^ 53 

methods of equations and coefficients, 54 
reactions, 53 
wind load stresses, 56 
Hoof trusses, wooden, 511-531 

conditions of design, 511 
estimated weight, 530 
joints, deeign of, 517 
members, design of, 515 
sheathing, rafters, and puriins, 513 
•tresses in members, 513 
Hoofing, estimating, lOOi, llOt 
Roofs and roof coverings, 504-604 

asbestos oerrugated sheathing, 602 
protected metal, 601 
cement tile, 602 
day tile* 602 
concrete slab <^ks, 606 
condensation on roofs, 608 
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Rool» and roof eovoHngt, oondition* to be considered, 
595 

coi^>er, 600 
oorntoee, 604 
eomigated sted, 601 
glass, 603 

gypsum composition, 567 
hollow tile, 507 
insulating methods, 604 
lead, 601 
metal tile, 603 
parapet walls, 604 
precautions in design, 506 
prepared roofing, 602 
reinforced gypsum, 507 
selecting the type, 594 
shingles, 598 

slag or gravel roofing, 602 

slate, 599 

tin, 599 

wooden, 598 

sine, 600 

Roofs in timber mill construction, 404 
purlins for sloping, 191-197 
Rubber tiling for floors, 456 
Rust in foundations, 358 

S4ine, in unsymmetrical bending, 81 
S«p<dygon8, in unsymmetrical bending, 81-86, 90 
Safe load, 6 

Safety deposit vaults, 625 
Sand, characteristics, 352 
pile foundations, 363 
Sandstones for building, 934 
Saville. C. M., 1399-1360 
Saw-tooth skylights, 417 
roof framing, 393 
roofs in concrete construction, 439 
Scaffolds, 841 , 897-999 
fixed, 898 
suspended, 898 
School idanning, 761-773 

administration offices, 772 

auditorium, 770 

building laws, 762 

class rooms, 767 

commercial high schools, 764 

continuation or part-time classes, 765 

corridors, 768 

department rooms, 771-772 
educational survejm, 762 
fire proteetion, 773 
general design, 738 
gymnasiums, 769 
hdight of school buildings, 765 
iaterniediate or jtunior hi^ schools, 763 
Idiidsrgartens, 769 
labcratorist, 770-771 
Hbrary,770 
lundk footn, 771 
maiiaa} trainJng schools, 784 
mcMraaieitts of buddings, 766 
crimitatSon of bufidUig, 767 
pliiyiroiiiids, 773 
]pfiWy ailiODls, 783 
$ ^ itudica, 782 

^ 782 ^ 


School planning, school sites, 763 
senior high scboolB, 764 
swimming pools, 770 
toilet rooms, 769 
vocational schools, 764 
wardrobes, 768 
wider use of buildings, 765 
Scrapers for excavating, 388 
Screws, 231 

lateral resistance of, 239 
Scuppers in walls of bmldings, 346 
Seat connections in floor framing, 413 
Seaton, M. Y., on Paint, varnish, eto., 1080-1068 
Sedimentary rocks for concrete aggregates, 888 
Sedimentation tanks, 1394 
Segmental arches, 349 
Self-centering fabrics, 1018 
Separators in steel floor framing, 414 
Septic tanks, 1393 , 1393 
Sewage disposal, 1388-1399 

composition of sewage, 1390 
cost, 1399 
details, 1389 
filters, 1999 , 1399 
Imhoff tanks, 1994,1999 
inspection of plants, 1399 
limiting grades, 1999 
materials used for sewers, 1989 
processes of purification, 1999 
sedimentation tanks, 1394 
selection of method, 1197 
septic tanks, 1393,1333 
siie of sewers, 1388 
tank treatment, 1333 
variations of flow, 1389 
workmanship, 1389 
Sewers, regulations, 1999 
Shafts in buildings, 648-651 
closed, 648 
elevator, 649 
open, 648 

stairway enclosures, 648 
Shapes, steel, 95 
Shear and torsion, 4 
in beams, 38, 48 
pin splice, 253 

Shearing stresses in reinforced concrete beams, 127 
Shears and moments, 22-34 

oonoentrated load systema, 32 
definitions, 22 

determining moment graphicoily, 25 
diagrams, 23 

effect of floor beams in bridge eoastniction, 26 
influence lines, 30 
maximum moment, 24 
moving uniform load, 29 
■inido concmitrated moving load, 28 
Sheathing, in floor ccmstruotlon, 385 
papers, 1899-1878 
Sbeet^pilsng, 383, 881 ^ 888 
Shingles* 821 
Shoe factories, 801 
Shoring in excavating, 884 
olbeami, 48 
Shorels, power, 8il 
Shrittlmac stremes, 6 
Sidiiif on frame wnfls, 621 
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Silt, olutfAoteruitict, 353 
Simple and cantilever beams, 84^1 
Simplex floor arch, 348 
Simpson, Eussell, 249 

Site of building operation, preparation, ttO-tfld 
Skylights and ventilators, 609^15 
common box, 613 
glass. 611 

longitudinal monitors, 613 
saw-tooth construction, 613 
transverse monitors, 613 
ventilators, 614 
Slab lootings, single, 373 

steel arrangement, in oonorete construction, 418 
Slabs and walls, detailing in concrete construction, 323 
reinforced concrete, 141 
See also Beams, reinforced concrete 
Slag cement, 99S 
Slate for building stone, 986 
Sloped footings lor columns, 373 
Slow-burning timber mill construction, 399-405 
anchoring steel beams, 404 
basement floors, 405 
beam arrangements, 403 
columns and walls, 404 
floor details, 403 
pintles over columns, 401 
rigid connections, 402 
roofs, 404 

Smith, C. Shaler, formula for timber columns, 199 
Smith. Stewart T., on Mechanical refrigeration, 1469- 
1466 

Softwood floors, 453 

lumber classifications, 911 
Soil, characteristics, 351 

tests for bearing capacity, 351 
Space diagram, 6 
Specifications, 1186-1141 
city codes, 1140 
forim 1187 
index, 1141 

schedules of material and work, 1140 
See aUo Appendixes at end of Voh II 
Spiral columns, 213 

Splices and connections: steel members, 260-298 
avoiding eccentric connections, 292 
oompression members, 279 
connection angles, 285-289 
cover plate splices, 285 
eccentric connections, 289 
lap and butt joints, 271-279 
lug or clip angles in connections, 288 
pin connections, 293-298 
plate girder flange splioes, 284 
web splices, 281 

lUQuirements fm* a good joint, 293 
rivets and belts, 260-271 
splicet in trusses, 279 
tension members, 280 

Splices and oonnectioiis: wooden members, 231-260 
bolts, 232 

cotnoffessloii on surfaces inclitied to dirso- 
tion of flbem, 848 

imiitieeUQfiti between edumns snd girders, 
257 

joists snd girders, 854 
fish tUsiegpIloe, 260^852 


Bplioes and connections: wooden members, joist 
hangers, 256 

lateral resistance of nails, screws and bolts. 

232-244 
nails, 231 

post and girder cap connections, 259 
resistance to pressure from metal pin, 248 
withdrawal of nails, screws, etc., 244 
screws, 231 
shear pin splice, 253 
tenon bar splice, 252 
tension splioes, 249-253 
washers, 245-248 
Springs, 1849 
Sprinkler systems, 1894 
Sprinkler tanks, 651 
Stacks, brick, 698 
concrete, 699 
steel, 703 
Stains, 1097 
Stair wells, 415, 648 
work,848-84f 
Stairs, 640-647 

balustrades, 645 
definitions, 640 
enclosed, 645 
estimating, 1108, lilt 
hand rails, 645 
landings, 645 
location, 644 

materials, details, etc., 646 
number, 642 

reinforced concrete, 169-174 
risers, and treads, 641 
width, 642 
winders, 645 

Standardised industrial buildings, 802-809 
advantages, 803 

Austin method of construction, 802 
iUustrations, 803 
origin, 802 
types, 802 
State Capitols, 728 
Statically determinate structures, 3 
Statics, principles of, 7-17 
center of gravity, 16 
definition, 7 
elements of a force, 7 
moments of forces, 17 
Steam engines, 1286 

hammers for pile driving, 688 
heating system, 1166-1171 
properties of, 1144 
pumps, 874 
shovel, 824, $4S 
turbines, 1186 
Steel, 961-986 
alloy, 964 
carbon, 968 
castings, 918 
effect of heat on, 337 
alemente in« 981 
forgings. 966 
manolaoturet 968 
rolled shapes, 
struotural pressed, 666 
See aUe Structural steri 
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tmeUiiit ol w«b, lltf 
doobMtjrar beam firmer* lt7 
«0W platas, 127 
dafleatioii, 116 
dwifXk of, 116 
erjUate beama. 118 

lateral auppori of oompreerion flange, 116 
multiple k>eam girdem, 117 
atrut^beama, 118 
tie-beama, 117 

Steel buildiaga, estimating, lOMl-lOti 
eaiaaons, 667 
Steel oolumna, 208-212 

caps and baaea, 211 
combined with concrete, 212 
details, 208 

forma of cross section, 208 
formulas, 62, 208 
lattice or lacing, 209 
diendemesa ratio, 208 
splices, 211 
Steel doors, 638 

Steel«ereetion equipment, fOO-Mt 
air riveters, 900 
chipiung tools, 800 
dollies, 800 

drills, air and electric, 801 
grinders, air and electric, 801 
osyaoetylene cutting, 801 
rivet sets, 800 
welding, 801 

Steel floor and roof framing, 405-418 
frame buildings, erectioa, 188 
Joists, 817 

roof truss, design, 531-547 
sash, estimating, 1100 
seetiona, properties, 96 
bted shapes and properties of sections, 96-98 

manufacture and kinds of shapes, 95 
properties, 96 

Stesl ibeet-piUng, 364, 881. 818 
windows, 634 
wire gage, 1000 

reittforoement, specifications, 1407 
Stiffener angles of girders, 185 
Stilbieas, definition, 5 
Stirmps, detailing, 325 
Stolceiri, mecbanicat, 1118 
Stone tngsonry, strength of, im-im 
Stone work, 188-141 

general preeautiona, 141 
bandliiii stone^ 841 
pointing, 140 
ptorenting stains on, Mt 


Storaie of matnr, I177-*llil 


eonoiralo tanks and merveita , 
iseitt lank% lili 
paattiaafle iiiiiloi, HOO 
still taste IM 

1MI#MI tMT 

for Hsiisei^ 8S 

JtttiMi liliiftinl 8 




Stress and deformation, bendini itresfee^ 5 
bond streoi, 6 
combined stresses, 4 
curves. 4 

ebrinkage and temperature stresses. 6 
working stress, 5 

Street, bending and direct, wood and steel, 64 48 
Stress data for roofs, 476-510 
ooeffioients, 475 

tables of ooeffioients, 476, 478-510 
vertical loading, 476 
wind loads, 477 

Stress fiber, coefficients for beams, 90 
formulas for, 79 

Streases, formulae for determiiung, 60 
in trusses, computing, 49-58 
Strittgeia, iqieoifioattons, 1494-1108, 1811 
Stnietural day tile, 841-848 
abso^tion tests, 841 
adhesion tests, §48 
fire tests, 841 

Ireesing and thawing tests, 841 
kinds. Ml 
manufaoture, 841 
minimum requirements, 848 
ordinary temperature tests, M8 
sound tests, M8 
specification requirements, 844 
strength tests, 848 
teste on, 848 
Stnietural data, 832-716 
balconies, 668-675 
buildings in general, 332-337 
chimneys, 697-706 

concrete floors and roof framing, 418-441 
comioes and parapet walls, 630-483 
domes, 705-716 
doors, 636 

fire^esistive column eonstnietion, 343-345 
floor construction, 845-349 
flat slab construction, 441-453 
floor openings and attachments, 458 
mirfaoes, 453-458 
footings, 870-385 
foundations, 850-369 
ground floors, 451 
long spin oonstmetiosi, 675-413 
mad obtttes, 616-487 
partitions, 635-680 

proteetion of stniotwral steel from fire, 887-843 
reiaaninc walla. 481H196 
roof drainage, 605*409 
tninmi, 460*484 

rode and roof smnKiuii, 504*404 
ahafts in buildiigi, 041*451 
■kjrligiiti and fuotilatoes, 600*415 
•lowdiundiig timber mtit eoiiidirtieticm, 808-405 
elate 540^7 

steel fiaoss and fpol temte* 40Ml^ 
swimmlag peite 513 h016 
tatite 551-157 

watis. 615435 

wbtibrim 111415 

--* jfSvTF* 
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•fvotikwi Ifiit 

i&iaiiwiiwtkwi of* Mi 
ftr# «)f« 887**S4i 

ipodtoiftiofMi. titi 
Structural steel deteSUiHii 810-821 
asseiulilhig mwrloi, 814 
dreftins room otianiseiion, 310 
layouts, 312 
oideriag material, 311 
ritreted oonneotions, 812 
shop detail drawinfs, 312 
typteal detail drawinfs, 814-821 
Structural steel work, 383-330 

bolting and plumbing of superstnieture, 380 
cycle of ereotiiig operations, 380 
erecting equipment, 888 
riveting, 833 
setting grillages, 888 
Structural theory, elements of, 2-94 

wood joist, etc » specifications, 148i-li09 
Strut-beams, 11$ 

Stucco, 881-883 
application, 983 
color, 884 

frame or timber walls for. 888 
general provisions, tSI 
hme, 883 
magnesite, 883 
masonry walls for, 838 
monolithic concrete walls for, 888 
overcoating old houses, 884 
proportions. M8 
reinforcement, 888 
Stucco machines, 803 
Stud partitione, table, 389 
Studs, steel, 831 

Sulhvan Machinery Company drills, 330 
Surfechig maehmes for concrete, 004 
Swimming pools, 082-680 
cable, 080 
cottstruetioti, 083 
dimenaioiis, 083 
diving board, 084 
heating, 080 
hnsa and markings, 004 
Utthiis,0g4 
location, 682 
overflown, etc., 084 
aeiiiKil,770 

of bottom, 083 
apama about the pool, 033 
igmeial typaa forgpovta, 038 
aratar auv^ and aaaitation, 630 

Hyfcw UmMI ZAth Co^ Ml. m. tn 
Sjnrtm «Mtnl ia tMdWM. ItMW 
4*3^ i^aiMiia an443iiiea, iONI 
tiM oMiidu, 313^# 
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Tanks, sewage disposal, litt-ltOf 
sprinkler, 031 
water, 1877-1803 
Telephone systems, 1438-1473 

common battery interphone systems, 1470 
distributing frame, 1438 
installation of subscribers’ sets, 1470 
intercommunicating, 1473 
substation winng, 1471 
switchboard, 1433 
winng claaeification, 1470 
Temperature stresses, 6 
Temperatures, usual, 1140 
Tenon bar splice, 252 
Tension m beams, 39 
Tension members, 229-231 
riveted, 230 
rods and bars, 229 
wooden, 231 

Tension sphees m timber construction, 249 
Teredo, danger of, to foundations, 359 
Terminal, industrial. 791 
Terra cotta, 1038-lOtt 

ceramic finish, 1041 
cleaxung. 1043 

general principles for construction, 1041 
jointing and painting, 1043 
mamtenance, 1043 
procedure and charactenstios. 1039 
setting, 1044 
surface finish, 1041 
synopsis of manufacture, 1040 
use and properties, 1030 
Terra cotta floor arches, 347 

partitions estimating, 1103 
Tenrraso fimsh floors, 457 
Textile nulls, 800 
Theaters, 741 

balcony framing, 073 
ventilation, 1103 

Thieesen, Frank C., on Fire-resistive column oonstruc- 
tion, 343-345 

Fire-resistive floor construction, 343-340 
Piers and buttresses, 305-308 
Tbompson-Starrett Company, time schedule, 317 
Thomson, T. Kennard, on Foundations, 360-309 
Threading machines, 000 

Three-moment equation m continuous beam deeign, 43 
Tie-beams, 117 
definition, 2 

Hie arch floors, 347, 406 
floors, 455 
gypsum, 030 
partitions, 020 
walla, 020 
Tilixig, 1040-1003 

eertifioatioii of grades, 1391 
oraaing, 1091 
ilaaed tOaa, 1847 
grade! of ta6.18a 
manulaetuiw, 1033 
setting, 1033 
•tgadarda, 1333 
trim tilee, 1037 
ttttOlosO^ 1833 
timber, tM-tii 

board meaeure, table, 818 
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Timber. dMeifioation ol lumber, 911 

eompoeition and mechanieal propertiee, tM 
decay, prevention of, 911 
defects, 910 
deterioration, 910 
estimating quantities, 919 
factory and shop lumber sises, 9it 
factory lumber, 919 
framing timbers, sises, 919 
general characteristics, 980 
grades specifications, 1491 
measurement of lumber, 919 
sawing, 911 
seasoning, 910 
shrinkage, 909 
sises of lumber, 917 
softwood'lumber classifications, 911 
strength values, 914 
structural lumber, 919 
sises, 991 

used for wooden beams, 99 
working stresses, specifications, 1910-1919 
yard lumber, 919 
sises, 917 

Timber detailing, 308-310 

information in plans, 308 
plans required, 309 
scales, 309 

Timber floor and roof framing, 385-399 
Time schedule in building operations, 919-919 
Toilet fixtures, 1919 

room partitions, 030 
rooms for public buildings, 1949 
Toilets, waterless, 1900-1919 
Tombs, 743 
Torsion, 4 
Town hiOls, 729 
Traps, 1919 

regulations, 1999 

Troutwine's formula for keystone of an arch, 299 
Tmsoon Steel Company, 806, 997-979, lOli 
Trussed girders, 180-183 
Trusses, computing stresses in, 49-58 
definition, 2 
roof, 392, 460-594 
Turbines, 1999 

Uaderfloors, 459 
Unit fan heaters, 1190 

prices, estimating, 1110 
reinforcing system, 1019 
stressee for deeign of wooden beams, 99 
University buildings, 732-738 
Unsymmetrioal bending, 79-94 
deflieetion of beams, 93 
liber streee coefficienie for beams, 90 
ffexoral modulua, 81 
formulae for fiber stress, 79 
inveetigatioB of beams, 99 
S-fi]M,91 

S-pelygoiia, 81-96,90 
solfttioii ol probtenia, 86 

Vacuum exhaust steam heatiaii Hit 
•Itum iMiftiiig, 1190 

Vapor syiMt of beatitti, 9191 


Varnish, 1099 
Vault construction, 624 
Ventilation, 1199-U19 
air distribution, 1908 
washers, 1909 
allowance for fittings, 1917 
automatic temperature control, 1808 
duet and fan circulation, 1818 
design, 1206 
systems, 1914 
fans and blowers, 1817 
friction through coils, etc., 1809 
gravity circulation, 1910 
mechanical circulation of air, 1807 
methods, 1808 
preheating air, 1808 
position of inlets and outlets, 1808 
quantity of air necessary, 1198 
theaters and auditoriums, 1808 
Ventilators, 614 
Vents, 1919 

Wagons for building operations, 908 
Wall board, gypsum, 989 
Walls. 615-625 

bank vaults, 625 
brick, 616 
veneer, 621 

cold storage buildings, 628 
concrete, 616 
curtain, 623 
damp proofing, 620 
faced with ashlar, 618 
frame, 620 
furring, 620 
insulation, 623 
masonry, above grade, 616 
below grade, 615 
parapet, 617 
partition deadening, 623 
party, 622 
retaining, 688-696 
safety deposit vaults, 625 
sheet metal, 621 
spedfioations, 1585 
tile and brick, 620 
plaster, 620 
vault construction, 624 
wood and plaster, 621 
Wash borings for foundations, 850 
Washers in timber construction, 245-248 
Water, consumption and piping, 1989 
for mixing concrete, 1908 
properties, 1144 

Water supply data and equipment, 1848-1887 
tutorial count, 1888 
chemical trextment, 1881 
consumption of water, 1887-1880 
diainleotioii and sterilisation, 1888 
filtration, 1881 
ground water, 1848 
bardnew of wnUr, 1104 
bydmuiie dntm 1880-1807 
Incrttctfttion, 1814 
infiltrtttioii iidMss, 1849 
IfOii, rutttovil of, not 
mangnnese. msooii of, 0M4 
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Water supply data and equipment, meters, 1260 
pipes and fittings, ItSS-lMT 
pumping equipment, 1207-1177 
purification of water, 1200-1207 
rain-water filters, 1262 
rainfall, 1240 
sedimentation, 1201 
softeners of water, 1200 
sources of supply, 1240-1200 
springs, 1242 

storage of water, 1277-1202 
surface waters, 1242 
tanks, storage, 1277 
wells, 1140-1242 
Water-tight cellars, 369 
Waterless toilet conveniences, 1200-1212 
chemical closets, 1200-1210 
deep vault type, 1200 
double compartment typi*, 1200 
dry closets, 1210 
incinerator closets. 1212 
outdoor privies, 1200-1200 
pit type, 1202 

portable chemical closets, 1210 
removable bucket typo, 1200 
septic privy, 1204 
water-tight vault type, 1204 
Waterproofing of foundations, 028 
Watson, F. R , on Acoustics of buildings, 764-761 
Web connections in steel floor framing, 414 
plates, 184 

reinforcement for concrete beams and slabs, 130- 
136 

Weights of building materials, 470 
merchandise, 334 
Welding stnietural steel, 001 
Wells, 1240-U48 
dredged, 369 
driUed, 1240 

driven and tubular, 1247 
dug or open, 1248 
interferenoe, 1242 
Wheelbarrows. 801 
Wheeled scrapers, 000 

Whipple, Harvey, on Concrete building stone, 1082- 
1080 

Wiekwire Spencer Steel Company, 1011 
Wind bracing of buildings, 667-668 

bending stresses in girders, 663 
etdlapse, resistance to, 668 
girdffirs« design of, 664 
masonry buildings, 667 
mill buildings, 667 
overturning, resistance to, 668 
path ofatre^ 068 
pressure on end of building, 007 
side of building, 608 
fsstangular bracing, 660 
ribear In girders, 663 
sttesccs on columns, 666 
IHangular bracisg, 650 
unit drccics, 008 
ufind prsurarc, 007 
frame IMdingc, 
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Windows, 633-^36 
basement, 634 

bos frames in masonry walls, 684 
easement, 633 
hollow metal, 636 

location for lighting efficiency, 1410 
pulleys, 1070 
steel, 634 
wood, 633 

Winter construction, equipment for, 207 
Wire fabric for concrete reinforcement, 1000 
Wiring concrete buildings, 1084-1880 
Wood borers, 359 
caissons, 368 
construction in, 027-820 
floor surfaces, 453 

joist, plank, etc., specifications, 1404 , 1000,1011 
sections, properties, 96 
Wooden beams, 98-114 

allowable unit stresses, 90 
bearing at end of beams, 100 
deflection, 100 

factors considered in design, 08 
girders, 101 

holes for pipes, etc., 00 
horisontal sheer, 09 
joists, too 
kinds of timber, 09 
lateral support, 100 
quality of timber, 90 
sised and surfaced timbers, 100 
tables, 103-114 
Wooden columns, 197-204 
bases of columns, 203 
built-up, 200 
formulas, 198 
ultimate loads, 100 
Wooden girders, 174-183 
built-up, 175 
examples of design, 177 
flitoh-plate, 170 
solid, 175 
trussed, 180-183 
Wooden grillage footings, 370 
pile foundations, 360-362 
roof truss, design, 511-531 
sheet-piling, 363, 800 
tension members, 231 
Woodworking equipment, 091-092 
boring maohinee, 022 
combination machines, 291 
jointers, 801 
power saws, 201 

Woobon, Prof. I. H., fire testa on concrete, 841 
Workhouses, 747 

Working estimate in buUding operations, 219 
load, 6 
stress, 6, 

Wrecking buildings, 201 
Wrought iron, 000 

XpantniBS rdnforciag system, 1011 

Yard lumber, 012,017 
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